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POLYLACTIC ACID BASED RESIN,
POLYLACTIC ACID BASED RESIN

COMPOSITION, MOLDED BODY OF
POLYLACTIC ACID BASED RESIN OR
POLYLACTIC ACID BASED RESIN 5
COMPOSITION, AND METHOD FOR
PRODUCING POLYLACTIC ACID BASED
RESIN

TECHNICAL FIELD 10

The present invention relates to anew polylactic acid based
resin, a new polylactic acid based resin composition, a
molded body of the polylactic acid based resin or the poly-
lactic acid based resin composition, and a method for produc- 15
ing a polylactic acid based resin. Furthermore, the present
invention relates to a polylactic acid based resin, a polylactic
acid based resin composition, a molded body of the polylactic
acid based resin or the polylactic acid based resin composi-
tion, wherein the transparency, the crystallization rate, and 20
the heat resistance are improved.

BACKGROUND ART

The awareness about global environmental problems has 25
been raised and, among them, exhaustion of fossil raw mate-
rials and petroleum resources and increases 1in carbon dioxide
have been perceived as problems. Consequently, research and
development on biodegradable resins, e.g., aliphatic polyes-
ters, and resins synthesized from plants serving as raw mate- 30
rials have been conducted actively. Among the aliphatic poly-
esters, 1n particular, a polylactic acid having excellent
moldability 1s noted as a plant-derived resin formed by using,
lactic acid, which 1s produced from grain resources, e.g.,
corn, through fermentation, as a raw material. 35

However, polylactic acid has drawbacks of being rigid and
brittle and, 1n addition, the crystallization rate 1s small and the
heat resistance 1s low. Therefore, there 1s a limitation on
development of uses. In particular, as for a polylactic acid
amorphous molded body, the softening point 1s lower than 40
60° C. and, thereby, such a problem has been pointed out that
whitening, deformation, and the like occur easily under a
usual use environment.

Furthermore, 11 an improvement of the heat resistance of
the polylactic acid by increasing the crystallinity through a 45
heat treatment (anneal) 1s intended, there 1s usually a problem
in that crystals (for example, spherulite) having sizes nearly
equal to or larger than a wavelength of light and causing
scattering of light grow rapidly, so as to become opaque.

In order to solve the above-described problems, many 50
attempts to improve the heat resistance and the transparency
by adding various additives to the polylactic acid have been
made.

Patent Document 1 describes that addition of phosphoric
acid ester metal salts, hydrous magnesium silicate, and the 55
like serving as nucleators 1s eflective. However, in the case
where such a nucleator 1s used, there 1s a drawback that the
transparency 1s impaired. Moreover, generally used talc 1s
within the range ol practical use from the viewpoint of merely
the crystallization rate. However, for that purpose, in many 60
cases, 1t 1s required that the amount of addition 1s 1% or more.
Consequently, there 1s a drawback that the transparency,
which 1s a characteristic intrinsic to the polylactic acid, 1s
impaired.

Patent Document 2 describes a method, in which as for the 65
nucleator, at least one type selected from aliphatic carboxylic
acid amides, aliphatic carboxylic acid salts, aliphatic alco-

2

hols, and aliphatic carboxylic acid esters 1s added as a trans-
parent nucleator. However, 1n this case, the haze 1s 6.5% at a
crystallinity of 33% and a result exhibiting combination of
suificient crystallimity and transparency has not been
obtained.

Patent Document 3 describes a method, 1n which a poly-
lactic acid formed by using a compound having a specific
functional group as an inmitiator and an norganic filler are
used. Although sliding characteristics are improved by this
method, 1t 1s not possible to ensure the transparency because
the morganic filler 1s added.

On the other hand, Patent Document 4 describes block
copolymers ol polyolefins, e.g., polyethylene and polypropy-
lene, and polylactic acids. However, there 1s no description on
the transparency. In particular, the transparency at a high
crystallinity 1s not touched on. Furthermore, the olefin based
block copolymers used 1in Patent Document 4 1s not easily
industrially produced because complicated and high level
reactions are used, and the use as general-purpose polymers 1s
unfavorable from the viewpoint of the cost.

Patent Document 5 describes an aliphatic polyester block
copolymer having a polyolefin segment and an aliphatic poly-
ester segment. However, the block copolymer 1s produced by
the method in Patent Document 4 described above and, there-
fore, as 1n the case of the olefin based block copolymers 1n
Patent Document 4, 1t 1s not said that there 1s a cost advantage.

In addition, Patent Document 5 describes a method, 1n
which a compound having a hydroxyl group and an unsatur-
ated bond, e.g., 2-hydroxyethyl methacrylate (HEMA), 1s
radically reacted with a polypropylene so as to obtain a
copolymer, in which HEMA and oligomers thereof are
grafted on a polypropylene chain, and thereafter, a polylactic
acid segment 1s introduced through the use of the hydroxyl
group. However, 1t 1s generally known that in the case where
this method 1s applied to a polyethylene, radical reactions
occur at various places of the ethylene chain and, thereby,
cross-linking reaction between polyethylene chains occurs at
the same time and gelation occurs easily.

Furthermore, 1n any case, it 1s usually unavoidable that
homopolymers of a grafting agent are generated through side
reactions.

Patent Document 1: Japanese Unexamined Patent Applica-

tion Publication No. 2003-192884

Patent Document 2: Japanese Unexamined Patent Applica-
tion Publication No. 9-278991

Patent Document 3: Japanese Unexamined Patent Applica-
tion Publication No. 2004-285121

Patent Document 4: Japanese Unexamined Patent Applica-
tion Publication No. 2001-270924

Patent Document 5: Japanese Unexamined Patent Applica-
tion Publication No. 2007-177039

DISCLOSURE OF INVENTION

Problems to be Solved by the Invention

It 1s an object of the present invention to provide a new
polylactic acid based resin. Furthermore, 1t 1s an object to
provide a resin composition having improved heat resistance
(high crystallinity) and transparency without impairing rigid-
1ty intrinsic to a polylactic acid based resin and a molded body
formed from the resin composition.

Means for Solving the Problems

In order to solve the above-described problems, the present
inventors conducted intensive research. As a result, a poly-
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lactic acid based resin having a specific moiety was found,
and 1t was found that the above-described problems were able
to be solved by a polylactic acid based resin composition
including the polylactic acid based resin.

That 1s, a polylactic acid based resin (A) according to the
present invention 1s characterized by having a moiety repre-
sented by the following formula (1) or (1') and having a
welght average molecular weight (Mw) of 5,000 to 1,000,
000.

|Chemical formula 1]

E
X1—R]

O

(In the formula (1), E represents a polymer residue, which 1s
formed from an ethylene homopolymer, a copolymer of eth-
ylene and an o.-olefin having the carbon number o1 3 to 20, or
a homopolymer of an c-olefin having the carbon number o1 3
to 20 and which has a weight average molecular weight (Mw)
ol 400 to 20,000, Z represents a H atom, an alkyl group, or an
aralkyl group, X, represents an O atom or a S atom, and R,
represents a single bond or a group represented by the fol-
lowing formula (2).)

(1)

|Chemical formula 2 |

(17)

V4
B
|
O R,

(In the formula (1"), E represents a polymer residue, which 1s
formed from an ethylene homopolymer, a copolymer of eth-
ylene and an a-olefin having the carbon number of 3 to 20, or
a homopolymer of an a-olefin having the carbon number o1 3
to 20 and which has a weight average molecular weight (Mw)
ol 400 to 20,000, Z represents a H atom, an alkyl group, or an
aralkyl group, and R, and R ; represent independently a single
bond or a group represented by the following formula (2).)

Ry—Xo— (2)

(In the formula (2), R, represents a divalent hydrocarbon
group or a polyoxyalkylene group and X, represents an O
atom, a S atom, or an NH group.)

Furthermore, 1t 1s preferable that a moiety other than the
moiety represented by the above-described formula (1) or (1)
1s formed through repetition of a lactic acid unat.

It 1s preferable that 1n the above-described formula (1), E
represents a polymer residue, which 1s formed from an eth-
ylene homopolymer or a copolymer of ethylene and an a-ole-
fin having the carbon number of 3 to 10 and which has a
welght average molecular weight (IMw) of 400 to 20,000, Z
represents a H atom, X, represents an O atom, and R, repre-
sents a single bond or an oxyalkylene group having the carbon
number of 1 to 6.

In this connection, it 1s preferable that in the above-de-
scribed formula (1), E represents a polymer residue, which 1s
formed from an ethylene homopolymer or a copolymer of
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cthylene and an a.-olefin having the carbon number of 3 to 10
and which has a weight average molecular weight (Mw) of
400 to 20,000, Z represents a H atom, and R, and R ; represent
a single bond or an oxyalkylene group having the carbon
number of 1 to 6.

Furthermore, a polylactic acid based resin composition
according to the present mvention 1s characterized by con-
taimning 5 to 95 percent by weight of polylactic acid based
resin (A) described above.

Moreover, it 1s preferable that a polylactic acid based resin
composition according to the present invention contains 5 to
95 parts by weight of polylactic acid based resin (A)
described above and 95 to 5 parts by weight of polylactic acid
based resin (B) other than the above-described polylactic acid
based resin (A) (where a total of the polylactic acid based
resins (A) and (B) 1s assumed to be 100 parts by weight). In
addition, 1t 1s preferable that the above-described polylactic
acid based resin (B) 1s a polylactic acid.

It 1s preferable that the above-described polylactic acid
based resin (B) has a moiety represented by the following
general formula (3)

(3)

(In the formula (3), X, and X, represent independently an O
atom, a S atom, or an NH group, R. represents a divalent
hydrocarbon group contaiming at least one aromatic ring or
aliphatic ring, and the hydrocarbon group may contain an O
atom, a N atom, or a S atom.)
and the weight average molecular weight (IMw) of the above-
described polylactic acid based resin (B) 1s within the range of
5,000 to 1,000,000.

Alternatively, 1t 1s preferable that the above-described
polylactic acid based resin (B) has a moiety represented by
the following general formula (4)

— X, R—X,—

—X,—R—X,— (4)

(In the formula (4), X, and X, represent independently an O
atom, a S atom, or an NH group, R, represents a divalent
aliphatic hydrocarbon group containing no ring structure and
having a weight average molecular weight (Mw) of 25 to
50,000, and the hydrocarbon group may contain an O atom, a
N atom, or a S atom. )
and the weight average molecular weight (IMw) of the above-
described polylactic acid based resin (B) 1s within the range of
5,000 to 1,000,000.

Alternatively, 1t 1s preferable that the polylactic acid based
resin (B) has a moiety which 1s formed from a repetition unit

represented by the following general formula (5)

|Chemuical formula 3]

T

——Si—0——

\&

(In the formula (5), R, and R, represent independently a
linear or branched alkyl group having the carbon number of 1
to 5 or an aryl group having the carbon number of 6 to 10 and
may be the same or different.)

and which has a weight average molecular weight (Mw)
within the range of 100 to 10,000, and the weight average
molecular weight (Mw) of the polylactic acid based resin (B)
1s within the range of 5,000 to 1,000,000.

()
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In a polylactic acid based resin composition according to
the present invention, 0.1 to 10 parts by weight of at least one
type of transparent nucleator (C) selected from carboxylic

acid amides, aliphatic alcohols, and aliphatic carboxylic acid
esters 1s further contained relative to 100 parts by weight of
polylactic acid based resin (A) described above or 100 parts

by weight of the above-described polylactic acid based resins
(A) and the above-described other polylactic acid based resin
(B) used as necessary 1n total.

Furthermore, 1t 1s preferable that the above-described
transparent nucleator (C) 1s at least one type of carboxylic
acid amide selected from the group consisting of lauric acid
amide, palmitic acid amide, stearic acid amide, erucic acid
amide, behenic acid amide, ricinoleic acid amide, hydroxys-
tearic acid amide, N-oleylpalmitic acid amide, N-stearyleru-
cic acid amide, ethylenebiscapric acid amide, ethylenebislau-
ric acid amide, ethylenebisstearic acid  amude,
cthylenebisoleic acid amide, ethylenebis-1,2-hydroxystearic
acid amide, hexamethylenebiscapric acid amide, hexameth-
ylenebislauric acid amide, hexamethylenebisstearic acid
amide, hexamethylenebisoleic acid amide, hexamethyl-
enebis-1,2-hydroxystearic acid amide, m-xylylenebiscapric
acid amide, m-xylylenebislauric acid amide, m-xylylenebi-
sstearic acid amide, m-xylylenebisoleic acid amide, and

m-xylylenebis-1,2-hydroxystearic acid amide.

A molded body according to the present invention 1s char-

acterized by being formed from the above-described polylac-
tic acid based resin (A) or the above-described polylactic acid
based resin composition and having a haze 010.1% to 15% at
a thickness of 100 um and a crystallinity o1 35% or more after
anneal (heat treatment) at 105° C. for 60 seconds.

It 1s preferable that a method for producing the polylactic
acid based resin (A) according to the present invention has the
step of copolymerizing a polymer represented by the follow-
ing formula (I) or (II) and lactide and/or lactic acid.

|Chemical formula 4|

(D)
/.

E
X—Ryp

O

Rij

(In the formula (I), E represents a polymer residue, which 1s
formed from an ethylene homopolymer, a copolymer of eth-
ylene and an o.-olefin having the carbon number o1 3 to 20, or
a homopolymer of an a-olefin having the carbon number of 3
to 20 and which has a weight average molecular weight (Mw)
o1 400 to 20,000, Z represents a H atom, an alkyl group, or an
aralkyl group, X, represents an O atom or a S atom, and R,
and R, , represent independently a H atom, a hydroxyalkyl
group having the carbon number of 1 to 10, or a hydroxypoly-
oxvyalkylene group having a weight average molecular weight
(relative to standard polystyrene) of 200 to 6,000.)
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|Chemuical formula 5]

/
E
T_RM
O
|

(1)

Rjs

Rj3

(In the formula (II), E represents a polymer residue, which 1s
formed from an ethylene homopolymer, a copolymer of eth-
ylene and an a-olefin having the carbon number of 3 to 20, or
a homopolymer of an a.-olefin having the carbon number of 3
to 20 and which has a weight average molecular weight (Mw)
o1 400 to 20,000, Z represents a H atom, an alkyl group, or an
aralkyl group, and R, ; to R, represent independently a H
atom, a hydroxyalkyl group having the carbon number of 1 to
10, or a hydroxypolyoxyalkylene group having a weight aver-

age molecular weight (relative to standard polystyrene) of
200 to 6,000.)

Advantages

According to the present mvention, a resin composition
having improved heat resistance (high crystallinity) and
transparency and a molded body formed from the resin com-
position are obtained, shortening of a molding cycle, which
has been hitherto difficult, and application to products
required to have the heat resistance and the transparency
become possible, and 1t 1s possible to contribute to expansion
of uses of green plastic typified by the polylactic acid based
resins.

BEST MODES FOR CARRYING OUT THE
INVENTION

A polylactic acid based resin according to the present
invention, a molded body formed from the polylactic acid
based resin, a polylactic acid based resin composition, a
molded body formed from the polylactic acid based resin
composition, and a method for producing a polylactic acid
based resin will be described below 1n detail. Initially, indi-
vidual components usable for the polylactic acid based resin
composition according to the present mvention will be

described.

<Polylactic Acid Based Resin (A)>

Thepolylactic acid based resin (A) according to the present
invention 1s characterized by having a moiety represented by

the following formula (1) or (1') and having a weight average
molecular weight (Mw) of 5,000 to 1,000,000. It 1s preferable

that the moiety represented by the following formula (1) or
(1') 1s included because the transparency at high crystallinity
1s realized easily. It 1s preferable that a moiety other than the
moiety represented by the above-described formula (1) or (1)
1s formed through repetition of a lactic acid unait.

|Chemical formula 6]

E
XI_RI_

O

(1)
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(In the formula (1), E represents a polymer residue, which 1s
formed from an ethylene homopolymer, a copolymer of eth-
ylene and an a-olefin having the carbon number of 3 to 20, or
a homopolymer of an c-olefin having the carbon number o1 3
to 20 and which has a weight average molecular weight (Mw)
o1 400 to 20,000, Z represents a H atom, an alkyl group, or an
aralkyl group, X, represents an O atom or a S atom, and R,
represents a single bond or a group represented by the fol-
lowing formula (2).)

|Chemical formula 7|

(17)

V4
B
|
O R;

(In the formula (1"), E represents a polymer residue, which 1s
formed from an ethylene homopolymer, a copolymer of eth-
ylene and an o.-olefin having the carbon number o1 3 to 20, or

a homopolymer of an a-olefin having the carbon number o1 3
to 20 and which has a weight average molecular weight (Mw)
ol 400 to 20,000, Z represents a H atom, an alkyl group, or an
aralkyl group, and R, and R, represent independently a single
bond or a group represented by the following formula (2).)

(2)

(In the formula (2), R, represents a divalent hydrocarbon
group or a polyoxyalkylene group and X, represents an O
atom, a S atom, or an NH group.)

In the case where E in the formula (1) or (1') 1s an ethylene
homopolymer residue, a copolymer residue of ethylene and
an a.-olefin, or an a-olefin homopolymer residue, there 1s an
advantage from the viewpoint of production of the E portion.
It 1s more preferable that E 1s an ethylene homopolymer
residue or a copolymer residue of ethylene and an a.-olefin.
The carbon number of the above-described ai-olefin 1s usually
3 to 20, preferably 3 to 15, and more preferably 3 to 10. It 1s
preferable that the carbon number of the above-described
a.-olefin 1s within the above-described range from the view-
point of the versatility of the a.-olefin. The weight average
molecular weight (Mw) of E 1s usually 400 to 20,000, pret-
erably 450 to 15,000, and more preferably 500 to 10,000.

In the case where 7 in the formula (1) or (1') 1s a H atom, an
alkyl group, or an aralkyl group, there 1s an advantage from
the viewpoint of production of the moiety represented by the
tformula (1) or (1"). Furthermore, 1t 1s more preferable that 7 1s
a H atom. The carbon number of the above-described alkyl
group 1s preferably 1 to 18, more preferably 1 to 12, and
turther preferably within the range of 1 to 8. The carbon
number of the above-described aralkyl group 1s preferably 7
to 15, more preferably 7 to 12, and further preferably within
the range of 7 to 9.

In the formula (1), X, 1s preferably an O atom. Moreover,
it 1s preferable that R, 1s a single bond or an oxyalkylene
group having the carbon number of 1 to 6.

In the formula (1'), 1t 1s preferable that R, and R, are a
single bond or an oxyalkylene group having the carbon num-
ber ol 1 to 6.

In the above-described formula (2), 1n the case where R, 1s
a divalent hydrocarbon group, the carbon number thereof 1s
preferably 1 to 10, and more preferably 1 to 6. In the case
where R, 1s a polyoxyalkylene group, the weight average
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molecular weight (relative to polystyrene) thereof 1s prefer-
ably 100 to 10,000, more preferably 200 to 6,000, and further

preferably 200 to 4,000.

The weight average molecular weight (Mw) shown in the
present invention refers to a value, relative to polystyrene,
determined on the basis of gel permeation chromatography
(GPC) (column temperature 40° C., chloroform solvent).
However, regarding polyolefin having a single-end double
bond (starting raw material), as described later, 1t 1s necessary
that the measurement 1s conducted at a temperature of 140° C.
by using ortho-dichlorobenzene as a solvent because of a
solubility problem.

Furthermore, the “polylactic acid based resin” in the
present invention refers to polymers containing 50 percent by
mole or more of, and preferably 75 percent by mole or more
of L-lactic acid unit and/or D-lactic acid unit and mixtures of
these polymers.

The above-described polylactic acid based resin (A) can be
produced by publicly known, publicly used methods. For
example, the above-described polylactic acid based resin (A)
can be produced by copolymerizing the polyolefin, which 1s
disclosed 1n Japanese Unexamined Patent Application Publi-
cation No. 2006-131870 and the like and which has active
hydrogen at an end, and a monomer containing lactide or
lactic acid as a primary component. The polyolefin having
active hydrogen at an end can be produced by, for example,
using a polyolefin having a single-end double bond as a
starting raw material, epoxidizing the double bond portion of
the starting raw maternial, and adding a compound having
active hydrogen to the resulting epoxy group.

In particular, 1t 1s preferable that the method for producing
the above-described polylactic acid based resin (A) has the
step of copolymerizing a polymer represented by the follow-
ing formula (I) or (II) and lactide and/or lactic acid.

|Chemuical formula 8]

(D)

In the formula (I), E represents a polymer residue, which 1s
formed from an ethylene homopolymer, a copolymer of eth-
ylene and an o.-olefin having the carbon number o1 3 to 20, or
a homopolymer of an a.-olefin having the carbon number o1 3
to 20 and which has a weight average molecular weight (Mw)
o1 400 to 20,000, Z represents a H atom, an alkyl group, or an
aralkyl group, X, represents an O atom or a S atom, and R,
and R, , represent independently a H atom, a hydroxyalkyl
group having the carbon number of 1 to 10, or a hydroxypoly-
oxyalkylene group having a weight average molecular weight
(relative to standard polystyrene) of 200 to 6,000.

The above-described a.-olefin having the carbon number of
3 to 20 1s more preferably propylene or 1-butene, and 1is
particularly preferably propylene. It 1s more preferable that
R,, and R, are independently a H atom or a hydroxyalkyl
group having the carbon number of 1 to 10, and are particu-
larly preferably a H atom at the same time.
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|Chemical formula 9]

(1)

Z
E
T_RM
? Ris
Ry3

In the formula (II), E represents a polymer residue, which
1s formed from an ethylene homopolymer, a copolymer of
cthylene and an a-olefin having the carbon number of 3 to 20,
or a homopolymer of an a.-olefin having the carbon number of
3 to 20 and which has a weight average molecular weight
(Mw) of 400 to 20,000, Z represents a H atom, an alkyl group,
or an aralkyl group, and R | ; to R ; represent independently a
H atom, a hydroxyalkyl group having the carbon number of 1
to 10, or a hydroxypolyoxyalkylene group having a weight
average molecular weight (relative to standard polystyrene)

of 200 to 6,000.

The above-described a-olefin having the carbon number of
3 to 20 1s more preferably propylene or 1-butene, and 1is
particularly preferably propylene. It 1s more preferable that
R, ., and R, are independently a hydroxyalkyl group having
the carbon number of 1 to 10. It 1s further preferable that they
are independently a hydroxyalkyl group having the carbon
number of 1 to 6. It 1s particularly preferably that they are a
2-hydroxyethyl group at the same time.

It 1s preferable that the above-described polyolefin having
a single-end double bond has a molecular weight within a
specific range, and a weight average molecular weight (Mw)
within the range of 400 to 20,000 on the basis of the gel
permeation chromatography (GPC) 1s preferable. It the
weight average molecular weight (Mw) 1s less than the above-
described range, the effect of the present invention 1s reduced,
and 11 the above-described range 1s exceeded, unfavorably, a
polyolefin portion and a polylactic acid resin portion are not
mutually compatible, so as to become clouded.

The weight average molecular weight (Mw) of the group
represented by E 1n the above-described formula (1) or (1),
which 1s an indispensable partial structure 1n the present
invention, 1s resulted from the following formula (1-a) repre-
senting a compound produced by epoxidizing the single-end

double bond shown 1n Japanese Unexamined Patent Applica-
tion Publication No. 2006-131870 described above,

|Chemical formula 10]

(1-a)
/

~

O

(In the formula (1-a), E represents a polymer residue, which
1s formed from an ethylene homopolymer, a copolymer of
cthylene and an a-olefin having the carbon number of 3 to 20,
or a homopolymer of an a.-olefin having the carbon number of
3 to 20 and which has a weight average molecular weight
(Mw) o1 400 to 20,000, and Z represents a H atom, an alkyl
group, or an aralkyl group.).

That 1s, the weight average molecular weight (Mw) of the
polymer residue represented by E can be determined as a
value derived by subtracting a total molecular weight (42+
molecular weight of the Z group) of the epoxy group and the
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group represented by Z from weight average molecular
weight (Mw) of the corresponding epoxy-containing poly-
olefin.

The monomers other than lactide and lactic acid include
cyclic esters (lactones), e.g., caprolactone, propiolactone, and
butyrolactone, and hydroxyalkanoic acids, e.g., hydroxybu-
tanoic acid and hydroxypropanoic acid.

The content of the moiety represented by the above-de-
scribed formula (1) or (1') 1n the above-described polylactic
acid based resin (A) 1s preferably within the range 01 0.1 to 15
percent by weight, and more preferably within the range of
0.5 to 10 percent by weight. It 1s preferable that the content 1s
within the above-described range from the viewpoint of the
polymer characteristics, e.g., the glass transition point the
melting point of crystal, and the melt fluidity.

The actual content 1s determined as described below. The
content of the moiety represented by the above-described
formula (1) or (1') 1n the resin can be determined by quanti-
tying the amount of unreacted monomer in production of the
polylactic acid based resin (A) through reaction between a
polyolefin compound, which has the structure represented by
the above-described formula (1) or (1') and active hydrogen,
and a lactic acid based monomer.

The above-described polylactic acid based resin (A) may
be polymerized without using a solvent or by using a solvent.
In the above-described polymerization, a solvent substan-
tially 1nactive to the polymerization reaction can be used.

Examples of the above-described solvents include ali-
phatic hydrocarbons, ¢.g., hexane, heptane, and decane; halo-
genated aromatic hydrocarbons, e.g., chlorobenzene and
o-dichlorobenzene; alicyclic hydrocarbons, e.g., cyclopen-
tane and cyclohexane; aromatic hydrocarbons, ¢.g., benzene,
toluene, xylene, mesitylene, ethylbenzene, and diethylben-
zene; and ether based solvents, e.g., diethyl ether, dioxane,
tetrahydrofuran (THF), and diglyme.

One type ol these solvents may be used alone or at least two
types may be used in combination.

Aromatic hydrocarbons, halogenated aromatic hydrocar-
bons, and ether based solvents are preferable from the view-
point of the solubility of lactide or lactic acid, the reaction
temperature, the reaction rate, the easiness of solvent removal
alter completion of the reaction. In particular, xylene, tolu-
ene, chlorobenzene, and o-dichlorobenzene are especially
preferable.

In the case where the solvent 1s used 1n the polymerization,
the usage thereotf 1s selected within the range of 0.1 to 20
times on a weight basis, preferably 0.5 to 10 times on a weight
basis, and more preferably 1.0 to 5 times on a weight basis
relative to a total amount of the monomer and the polyolefin
compound having the moiety represented by the above-de-
scribed formula (1) or (1') and having active hydrogen, which
are used 1n the production of the above-described polylactic
acid based resin (A).

As for the production of the above-described polylactic
acid based resin (A), alternatively, polymerization may be
cifected 1n the presence of a catalyst.

The above-described catalyst 1s not specifically limited
insofar as the polylactic acid based resin (A) can be produced.
Examples of the above-described catalysts include tin based
catalysts, e.g., tin octoate (tin 2-ethylhexanoate), dibutyltin
dilaurate, and tin chloride, titantum based catalysts, e.g., tita-
nium chloride and titanium tetraisopropoxide, zinc based
catalysts, e.g., zinc chloride and zinc acetate, and other pub-
licly known catalysts.

Among them, tin based catalysts are preferable, and tin
octoate 1s more preferable.
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The usage of the above-described catalyst 1s 0.001 to 5
parts by weight, preferably 0.003 to 1 part by weight, and
turther preferably 0.005 to 0.1 parts by weight relative to 100
parts by weight of the total of lactide or lactic acid, the other
monomers, and the polyolefin compound having the moiety
represented by the above-described formula (1) or (1') and
having active hydrogen.

The polymerization temperature 1s 60° C. to 250° C., and
preferably 1s 100° C. to 230° C. In the case where the poly-
merization 1s effected without using a solvent, the above-
described polymernization temperature 1s more preferably
about 150° C. to 200° C. Furthermore, in the case where
xvylene 1s used as a solvent, tin octoate 1s used as a catalyst, and
polymerization 1s effected by reacting the polyolefin com-
pound having the moiety represented by the above-described
formula (1) or (1') and having active hydrogen with lactide,
the reaction temperature 1s more preferably about 110° C. to
150° C.

The polymerization time 1s different depending on the type
of monomer used, the polymerization temperature, the
amount of catalyst, and the like and 1s 0.1 to 24 hours, pret-
erably 0.5 to 12 hours, and further preferably 1 to 6 hours.

The actual polymerization time can be determined by mea-
suring the molecular weight through, for example, GPC (gel
permeation chromatography) or the like and assuming the
point 1n time when a predetermined molecular weight 1s
reached to be an endpoint of the reaction.

The polylactic acid based resin (A) according to the present
invention can be produced by various reaction methods, as
described above. However, it 1s most preferable that the poly-
olefin compound having the moiety represented by the above-
described formula (1) or (1') and having active hydrogen and
lactide are used as lactic acid based monomers and the reac-
tion 1s effected without using a solvent from the viewpoint of
economy. At this time, as for the polymerization catalyst, the
above-described tin based catalysts are preferable.

The weight average molecular weight (Mw) of the poly-
lactic acid based resin (A) produced as described above 1s
5,000 to 1,000,000, preterably 10,000 to 500,000, and more
preferably 50,000 to 300,000. It 1s preferable that the weight
average molecular weight (Mw) of the polylactic acid based
resin (A) 1s within the above-described range from the view-
point of the mechanical strength of the polymer and the melt
moldability.

The above-described weight average molecular weight
(Mw) can be adjusted by controlling the ratio of amounts of
the monomer and the catalyst used, presence or absence of a
reaction solvent, the polymerization temperature, the poly-
merization time, and the like.

The above-described polylactic acid based resin (A) 1s used
as an indispensable component of the polylactic acid based
resin composition according to the present invention. The
content of the above-described polylactic acid based resin (A)
in the polylactic acid based resin composition according to
the present invention 1s S to 935 percent by weight, and more
preferably 10 to 90 percent by weight.

<Lactic Acid Based Resin>

As for the polylactic acid based resin composition accord-
ing to the present invention, the above-described polylactic
acid based resin (A) 1s used as the indispensable component
and, furthermore, the polylactic acid based resin (B) other
than the above-described polylactic acid based resin (A) may
be contained, as necessary.

In the case where the above-described polylactic acid
based resin (B) 1s used 1n the polylactic acid based resin
composition according to the present invention, the content
thereot 1s not specifically limited. However, the content of the
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polylactic acid based resin (B) 1s usually within the range of
5 to 95 parts by weight, preferably within the range o1 10 to 80
parts by weight, and further preferably within the range o1 20
to S0 parts by weight relative to 100 parts by weight of a total
of the polylactic acid based resin (A) and the polylactic acid
based resin (B). In the case where the content of the polylactic
acid based resin (B) 1s within the above-described range, a
composition having excellent heat resistance and transpar-
ency 1s produced.

The above-described polylactic acid based resin (B) 1s
produced through, for example, homopolymerization of lac-
tic acid or lactide or copolymerization of lactic acid or lactide
and copolymerizable compounds, ¢.g., other monomers or
polymers. However, the other polymers copolymerizable
with lactic acid or lactide are polymers excluding the poly-
olefin compound having the moiety represented by the above-
described formula (1) or (1') and having active hydrogen. It 1s
particularly preferable that the polylactic acid based resin (B)
contained 1n the polylactic acid based resin composition
according to the present invention 1s a polylactic acid from the
viewpoint of economy.

It 1s one preferable aspect of the present invention that the
above-described polylactic acid based resin (B) 1s a polylactic
acid based resin having 100% of lactic acid unat.

It 1s desirable that the above-described poly lactic acid 1s a
polylactic acid having 95 percent by mole or more, and pret-
erably 97 percent by mole or more of structural unit derived
from L-lactic acid or D-lactic acid.

The above-described polylactic acid 1s produced through
polycondensation of lactic acid or ring-opening polymeriza-
tion of lactide which 1s a circular dimer of lactic acid.

As for the above-described polylactic acid based resin (B),
as described above, a copolymer produced through copoly-
merization of lactic acid or lactide and copolymerizable com-
pounds, e.g., other monomers or polymers, can also be used.
However, the polymers copolymerizable with lactic acid or
lactide are polymers excluding the polyolefin compound hav-
ing the moiety represented by the above-described formula
(1) or (1") and having active hydrogen.

Examples of the other monomers or polymers copolymer-
1zable with lactic acid or lactide include hydroxycarboxylic
acids, e.g., glycolic acid and caproic acid; circular esters, e.g.,
v-butyrolactone and e-caprolactone; circular amides, e.g.,
e-caprolactam; polyhydric alcohols of bifunctional or more,
¢.g., ethylene glycol, diethylene glycol, tniethylene glycol,
polyethylene glycol, propylene glycol, dipropylene glycol,
cthylene glycol/propylene glycol copolymers, 1,3-butane-
diol, 1,4-butanediol, 3-methyl-1,5-pentanediol, 1,6-hex-
anediol, 1,9-nonanediol, neopentyl glycol, polytetramethyl-
ene glycol, glycerin, and trimethylol propane; aliphatic
polyvalent carboxylic acids, e.g., succinic acid and adipic
acid; polyvalent 1socyanates, e.g., xylylene diisocyanate and
2.4-tolylene ditsocyanate; and polysaccharides, e.g., cellu-
lose, acetyl cellulose, and ethyl cellulose.

The above-described copolymer may be any one of a ran-
dom copolymer, an alternating copolymer, a block copoly-
mer, a grait copolymer, and the like. Furthermore, at least a
part of the above-described copolymer may has any structure
of linear, circular, branched, star, three-dimensional network,
and other structures.

Moreover, the weight average molecular weight (Mw) of
the above-described polylactic acid based resin (B) 1s prefer-
ably within the range of 5,000 to 1,000,000, more preferably
within the range of 10,000 to 500,000, and further preferably
within the range of 50,000 to 300,000. It 1s preferable that the
weight average molecular weight (Mw) of the above-de-
scribed polylactic acid based resin (B) 1s within the above-
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described range from the viewpoint of the mechanical
strength of the polymer and the melt moldability.

In addition, 1t 1s preferable that the above-described poly-
lactic acid based resin (B) has the moiety represented by the
following general formula (3). It 1s preferable that the moiety
represented by the following general formula (3) 1s included
because the transparency at high crystallinity 1s realized eas-

ily.
(3)

(In the formula (3), X, and X, represent independently an O
atom, a S atom, or an NH group, R. represents a divalent
hydrocarbon group containing at least one aromatic ring or
aliphatic ring, and the hydrocarbon group may contain an O
atom, a N atom, or a S atom.)

In the case where R described above 1s a group other than
the group formed from dicarboxylic acid and diol, it 1s pret-
erable that the carbon number of R 1s 5 to 50.

Examples of polylactic acid based resins (B) having the
moiety represented by the above-described formula (3)
include the following polylactic acid based resins (B1) to
(B5). The polylactic acid based resins (B1) to (B5) are prei-
erable because the transparency at high crystallinity 1s real-
1zed easily.

Polylactic acid based resin (B1): Polylactic acid based
resin, in which the moiety represented by the above-described
formula (3) 1s represented by the following formula (6).

X3—Rs

X4

|Chemuical formula 11]
(6)

Zl / ZZ
—X3— L | * Ro— I' Ly—X4—
N \ y

In the formula (6), X, and X, represent independently an O
atom, a S atom, or an NH group, R, represents a single bond
or a hydrocarbon group having the carbon number o1 1 to 10,
the hydrocarbon group may be any one of linear, branched,
and circular, Y, and Y, represent independently a saturated
hydrocarbon group having the carbon number of 1 to 10, an
aryl group having the carbon number o1 6 to 10, or a hydrogen
atom, and are not present in the case where R, 1s a single bond,
L, and L, represent independently an alkylene group having
t_le carbon number of 1 to 8 or an oxyalkylene group having
the carbon number of 1 to 8, Z, and Z, represent indepen-
dently a hydrocarbon group having the carbon number of 1 to
10 or a hydrogen atom, Y, andY,, Y, and Z,, and Y, and Z,
may be mutually bonded independently so as to form rings,
and m represents an integer of 0 to 5.

Polylactic acid based resin (B2): Polylactic acid based
resin, in which the moiety represented by the above-described
formula (3) 1s represented by the following formula (7).

|Chemical formula 12]
(/)
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In the formula (7), X, and X, represent independently an O
atom, a S atom, or an NH group, Y, represents a hydrogen
atom, a saturated hydrocarbon group having the carbon num-
ber of 1 to 8, an aryl group having the carbon number of 6 to
8, or an aralkyl group having the carbon number o1 7 or 8, the
saturated hydrocarbon group may be any one of linear,
branched, and circular, r represents an integerof Oto 4, L, and
L, represent independently an alkylene group having the car-
bon number of 2 to 8 or a cycloalkylene group having the

carbon number of 3 to 8, and n represents an integer of 1 to
100.

Polylactic acid based resin (B3): Polylactic acid based
resin, 1n which the moiety represented by the above-described
formula (3) 1s represented by the following formula (8).

|Chemuical formula 13]

(8)
(Y4)p

(Ya)y
AN [ AN
- et

In the formula (8), X, and X, represent independently an O
atom, a S atom, or an NH group, Y, represents a hydrogen
atom or a hydrocarbon group having the carbon number of 1
to 8, the hydrocarbon group may be any one of linear,
branched, and circular, R,,, L. and L represent indepen-
dently a single bond or an alkylene group having the carbon
number of 1 to 8, p represents an integer of O to 4, and q
represents an integer of 0 to 5.

Polylactic acid based resin (B4): Polylactic acid based
resin, in which the moiety represented by the above-described
formula (3) 1s represented by the following formula (9).

— X3-Ls——

|Chemical formula 14]

(9)
\ A
X3

D

In the formula (9), X, and X represent independently an O
atom, a S atom, or an NH group.

Polylactic acid based resin (B3): Polylactic acid based
resin, 1n which the moiety represented by the above-described
formula (3) 1s represented by the following formula (10).

|Chemuical formula 15]

(10)

Jo~
X
AN
xS Nm//\;]f.’t}q b
O O

In the formula (10), X, and X, represent independently an
O atom, a S atom, or an NH group.

The above-described polylactic acid based resin (B) can be
produced by publicly known, publicly used methods. For
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example, production can be conducted by copolymerizing
compounds having the moieties represented by the above-
described formulae (6) to (10) and monomers containing
lactic acid or lactide as a primary component.

The compounds having the moiety represented by the
above-described formula (6) include a compound, which 1s
represented by the following formula (6a) and which has a
hydroxyl group, a thiol group, or an amino group.

|Chemical formula 16]

(6a)

&N [ Yl
(A A

H—X;3-L|—— I,-X,—H

In the formula (6a), X5, X, R,,Y,,Y,,L,,L,, Z,, Z,, and
m are synonymous with X, X, R,,Y,,Y,,L,,L,,7Z,,7Z,,and
m 1n the above-described formula (6).

In the formula (6a), X, and X, are preferably an O atom or
an NH group, L, and L, are preferably a methylene group, an
oxymethylene group, an ethylene group, an oxyethylene
group, a 1,2-propylene group, an oxy-1,2-propvlene group, a
trimethylene group, an oxytrimethylene group, a 2,3-buty-
lene group, an oxy-2,3-butylene group, a tetramethylene
group, an oxytetramethylene group, a cyclohexylene group,
or an oxycyclohexylene group, 7, and Z, are preferably a
hydrogen atom, a methyl group, an ethyl group, an 1sopropyl
group, or a t-butyl group, Y, andY, are preferably a hydrogen
atom, a methyl group, an ethyl group, an 1sopropyl group, a
phenyl group, or a cyclohexyl group, and R, 1s preferably a
single bond, a methyl group, a methylene group, or a methine
group.

The compounds having the moiety represented by the
above-described formula (7) include a compound, which 1s
represented by the following formula (7a) and which has a
hydroxyl group, a thiol group, or an amino group.

|Chemical formula 17]
(7a)

In the formula (7a), X5, X, Y3, L, rand n are synonymous
with X5, X,, Y5, Ly, L,, r and n 1n the above-described
tormula (7).

In the formula (7a), X, and X, are preferably an O atom or
an NH group, L5 and L, are preferably a methylene group, an
cthylene group, a 1 2-pr0pylene group, a trimethylene group,
a 2,3-butylene group, a tetramethylene group, a pentameth-
ylene group, a hexamethylene group, a heptamethylene
group, an octamethylene group, and a cyclohexylene group,
and Y, 1s preferably a hydrogen atom, a methyl group, an
cthyl group, an 1sopropyl group, a phenyl group, a benzyl
group, and a cyclohexyl group.

The compounds having the moiety represented by the
above-described formula (8) include a compound, which 1s
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represented by the following formula (8a) and which has a
hydroxyl group, a thiol group, or an amino group.

|Chemuical formula 18]

(8a)
(Yﬁl)p

(Y4)p
/’\/\
LeXa—H
q

/’\/\
H—X3-Ls—7— * Rio—7—

~_" ~_

In the formula (8a), X5, X,, Y., R,,, Ls, Ls, p, and g are
synonymous with X,, X, Y,, R,,, Ls, L, p, and q 1n the
above-described formula (8).

In the formula (8a), X, and X, are preferably an O atom or
an NH group, L. and L, are preferably a single bond, a
methylene group, or an ethylene group, R, 1s preferably a
single bond, a methylene group, an ethylene group, and an
1sopropylidene group, and Y, 1s preferably a hydrogen atom,
a methyl group, an ethyl group, an 1sopropyl group, and a
cyclohexyl group.

The compounds having the moiety represented by the
above-described formula (9) include a compound, which 1s
represented by the following formula (9a) and which has a
hydroxyl group, a thiol group, or an amino group.

|Chemical formula 19]

T e
X, — 1

In the formula (9a), X, and X, represent independently an
O atom, a S atom, or an NH group, and an O atom or an NH
group 1s prelerable.

(9a)

The compounds having the moiety represented by the
above-described formula (10) include a compound, which 1s
represented by the following formula (10a) and which has a
hydroxyl group, a thiol group, or an amino group.

|Chemuical formula 20]

(10)

In the formula (10a), X, and X, represent independently an
O atom, a S atom, or an NH group, and an O atom or an NH
group 1s preferable.

Preferable specific examples of the compounds having the
moiety represented by the above-described formulae (6a) to
(10a) include aliphatic ring-containing diols and aromatic
ring-containing diols.

The above-described aliphatic ring-containing diols, for
example, include
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1,4-cyclohexanediol:

|Chemuical formula 21

| [
) o A

1,3-cyclohexanediol:

|Chemical formula 22|

HO OH

~_

4.4'-bicyclohexanol:

OO

4.4'-1sopropylidenedicyclohexanol (2,2-bis(4-hydroxycyclo-
hexyl)propane):

|Chemical formula 23]

|Chemical formula 24|

4,4'-methylenedicyclohexanol:

|Chemical formula 25]

~OO

and
4,8-bis(hydroxymethyl)tricyclo(5.2.1.0 2,6)decane:

|Chemical formula 26]

HO
OH

Furthermore, the above-described aromatic ring-contain-
ing diols, for example, include
4.4-xylylene glycol:

|Chemical formula 27]

HO \ / OH
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4,4'-biphenylene glycol:

Chemical formula 28]

6,6'-bi1s(2-hydroxyethoxy)-3,3,3".3'-tetramethyl-1,1 -spirobi-
indane:

|Chemical formula 29]

7

HO/\/O ‘ N A ‘ 0/\/OH

S

4.4'-(fluorenylidene)bis(2-phenoxyethanol):

[Chemical formula 30]
0" NN P N
T L
X X
‘ F ‘ F

N,N'-bis(2-hydroxyethyl)-pyromellitimide:

|Chemical formula 31]

O O
OH
N N/\/
10" NS M
O O

and
2,2'-b1s(4-(2-hydroxyethoxy)phenyl)propane:

|Chemical formula 32]

HO\/\OO OO\AOH

The use of such compounds is preferable because the trans-
parency at high crystallinity is realized easily.

The compounds having the moieties represented by the
above-described formulae (6a) to (10a) other than the above-
described compounds include polyesters having hydroxyl
groups at both ends.

The polyesters having hydroxyl groups at both ends are
produced through polycondensation of aromatic dicarboxylic
acids, aromatic dicarboxylic acid esters, or acid halides of
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aromatic dicarboxylic acids and alkylenediols having the car-
bon number of 2 to 8 or cycloalkylenediols.

Examples of the above-described aromatic dicarboxylic
acids, aromatic dicarboxylic acid esters, and acid halides of
aromatic dicarboxylic acids include terephthalic acid, dim-
cthyl terephthalate, terephthalic acid chloride, 1sophthalic
acid, dimethyl 1sophthalate, and 1sophthalic acid chlonide.

Examples of the above-described alkylenediols having the
carbon number of 2 to 8 or cycloalkylenediols include ethyl-
ene glycol, diethylene glycol, triethylene glycol, 1,3-pro-
panediol, 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol,
1,7-heptanediol, 1,8-octanediol, and 1,4-cyclohexane-di-
methanol.

The above-described polyesters having hydroxyl groups at
both ends can be produced by using diols excessively, etlect-
ing condensation by a common method, and removing an
excess amount of diols.

The weight average molecular weights (Mw) of the above-
described polyesters having hydroxyl groups at both ends are
preferably within the range of 500 to 10,000, and more prei-
erably within the range of 1,000 to 7,000.

This weight average molecular weight (Mw) can be deter-
mined by comparison with the standard polystyrene on the
basis of the measurement through GPC (gel permeation chro-
matography), as 1n the above description.

Furthermore, in the compounds having the above-de-
scribed moieties, the aromatic rings, the aliphatic rings, side
chains, and the like may have substituents.

In production of copolymers of lactic acid or lactide and the
other monomers as the above-described polylactic acid based
resin (B), the amounts of addition of the compounds having
the above-described moieties are not specifically limited
insofar as the above-described polylactic acid based resin (B)
1s produced. However, 0.001 to 10 parts by weight 1s prefer-
able relative to 100 parts by weight of the monomer contain-
ing lactide or lactic acid as a primary component, 0.01 to 5
parts by weight 1s more preferable, and 0.1 to 3 parts by
weight 1s further preferable.

In addition, the details of production of the polylactic acid
based resin (B) having the above-described moiety are the
same as those 1n production of the polylactic acid based resin
(A) according to the present invention.

Moreover, 1t 1s preferable that the above-described poly-
lactic acid based resin (B) has a moiety represented by the
tollowing general formula (4). It 1s preferable that the moiety
represented by the following general formula (4) 1s included
because the transparency at high crystallinity 1s realized eas-

ily.

Re—X, (4)

(In the formula (4), X, and X, represent independently an O
atom, a S atom, or an NH group, R, represents a divalent
aliphatic hydrocarbon group containing no ring structure and
having a weight average molecular weight (Mw) of 25 to
50,000, and the hydrocarbon group may contain an O atom, a
N atom, or a S atom.)

In the above-described formula (4), 1t 1s preferable that R,
1s a divalent aliphatic hydrocarbon group containing no ring
structure and having a weight average molecular weight
(Mw) of 25 to 50,000 because the transparency at high crys-
tallinity 1s realized easily.

The moiety represented by the above-described formula
(4) 1s preferably a moiety dertved from at least one type
selected from diols, polyesters having hydroxyl groups at
both ends, and polycarbonates having hydroxyl groups at
both ends, and the above-described diol 1s preferably at least

X3
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one type selected from alkylene glycols, polymethylene gly-
cols, and polyalkylene glycols.

The method for producing the polylactic acid based resins
(B) having these moieties 1s also the same as that for the
polylactic acid based resin (A) according to the present inven-
tion.

Furthermore, it 1s preferable that the above-described poly-
lactic acid based resin (B) has a moiety, which 1s formed from
a repetition unit represented by the following formula (35) and
which has a weight average molecular weight (Mw) within
the range of 100 to 10,000. It 1s preferable that such a moiety
1s included because the transparency at high crystallinity 1s
realized easily.

|Chemical formula 33]
(3)

(In the formula (5), R, and R, represent independently a
linear or branched alkyl group having the carbon number of 1
to 5 or an aryl group having the carbon number of 6 to 10 and
may be the same or different.)

It 1s preferable that R, and R, 1n the formula (5) are inde-
pendently a linear or branched alkyl group having the carbon
number of 1 to 5 or an aryl group having the carbon number
of 6 to 10 because the transparency at high crystallinity 1s
realized easily.

The above-described polylactic acid based resin (B) can be
produced by, for example, copolymerizing a modified sili-
cone compound, which has a moiety formed from a repetition
unmit represented by the above-described formula (5) and
which has a group, ¢.g., a hydroxyl group or an amino group,
having active hydrogen, and a monomer containing lactide or
lactic acid as a primary component.

Examples of linear or branched alkyl groups having the
carbon number of 1 to 5 as R, and R described above include
amethyl group, an ethyl group, a n-propyl group, an 1sopropyl
group, a n-butyl group, an 1sobutyl group, a t-butyl group, a
n-pentyl group, an 1sopentyl group, and a neopentyl group.

Among the above-described alkyl groups, a methyl group
1s preferable.

Examples of aryl groups having the carbon number of 6 to
10 as R, and Ry described above include a phenyl group, a
tolyl group, a xylyl group, a mesityl group, an ethylphenyl
group, and a t-butylphenyl group.

Among the above-described aryl groups, a phenyl group 1s
preferable.

R and R, may be the same or different.

Examples of the above-described modified silicone com-

pounds include dual-end modified hydroxyl-modified sili-
cone compounds, e.g., KF-6001, KF-6002, and KF-6003

(produced by Shin-Etsu Chemical Co., Ltd.); single-end
modified hydroxyl modification-containing silicone, e.g.,
X-22-170BX and X-22-170DX (produced by Shin-Etsu
Chemical Co., Ltd.); single-end modified diol-containing
silicone, e.g., X-22-176DX and X-22-176F (produced by
Shin-Etsu Chemical Co., Ltd.); side-chain modified
hydroxyl-containing silicone, e.g., X-22-4039 and X-22-
4015 (produced by Shin-Etsu Chemical Co., Ltd.); dual-end
modified mercapto-containing silicone, e.g., X-22-167B
(produced by Shin-Etsu Chemical Co., Ltd.); side-chain

modified mercapto-containing silicone, e.g., KF-2001 and
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KF-2004 (produced by Shin-Etsu Chemical Co., Ltd.); dual-
end modified amino-containing silicone, e.g., PAM-E,
KF-8010, KF-8008, X-22-161A, X-22-1660B-3 (produced
by Shin-Etsu Chemical Co., Ltd.); dual-end modified car-
boxyl-containing silicone, e.g., X-22-162C (produced by
Shin-Etsu Chemical Co., Ltd.); and dual-end modified sil-
anol-containing silicone, e.g., X-21-3841 and KF-9701 (pro-
duced by Shin-Etsu Chemical Co., Ltd.).

The method for producing the polylactic acid based resins
(B) having these moieties 1s also the same as that for the
polylactic acid based resin (A) according to the present inven-
tion.

<Transparent Nucleator (C)>

The polylactic acid based resin composition according to
the present mvention may contain a transparent nucleator,
(C), as necessary. Here, the “transparent nucleator” 1s an
agent added to the polylactic acid based resins (A) so as to
serve as a nucleator 1n crystallization and give the transpar-
ency. Specific examples thereof includes carboxylic acid
amides, aliphatic alcohols, and aliphatic carboxylic acid
esters. One type thereol may be used alone or at least two
types may be used in combination.

Specific examples of carboxylic acid amides include ali-
phatic monocarboxylic acid amides, e.g., lauric acid amide,
palmitic acid amide, oleic acid amide, stearic acid amide,
erucic acid amide, behenic acid amide, ricinoleic acid amide,
and hydroxystearic acid amide; N-substituted aliphatic
monocarboxylic acid amides, e.g., N-oleylpalmitic acid
amide, N-oleyloleic acid amide, N-oleylstearic acid amide,
N-stearyloleic acid amide, N-stearylstearic acid amuide,
N-stearylerucic acid amide, methylolstearic acid amide, and
methylolbehenic acid amide; aliphatic biscarboxylic acid
amides, e.g., methylenebisstearic acid amide, ethylenebi-
sstearic acid amide, ethylenebislauric acid amide, ethylenebi-
scapric acid amide, ethylenebiserucic acid amide, ethylenebi-
sbehenic acid amide, ethylenebisisostearic acid amuide,
cthylenebishydroxystearic acid amide, butylenebisstearic
acid amide, hexamethylenebisoleic acid amide, hexamethyl-
enebisstearic acid amide, hexamethylenebisbehenic acid
amide, hexamethylenebishydroxystearic acid amide, m-xy-
lylenebisoleic acid amide, m-xylylenebisstearic acid amide,
m-xylylenebisbehenic acid amide, and m-xylylenebishy-
droxystearic acid amide; N-substituted aliphatic carboxylic
acid bisamides, e.g., N,N'-dioleylsebacic acid amide, N,N'-
dioleyladipic acid amide, N,N'-distearyladipic acid amide,
N,N'-distearylsebacic acid amide, N,N'-distearylisophthalic
acid amide, and N,N'-distearylterephthalic acid amide; and
N-substituted ureas, e.g., N-butyl-N'-stearyl urea, N-propyl-
N'-stearyl urea, N-stearyl-N'-stearyl urea, N-phenyl-N'-
stearyl urea, xylylenebisstearyl urea, xylylenebisstearyl urea,
toluylenebisstearyl urea, hexamethylenebisstearyl urea,
diphenylmethanebisstearyl urea, and diphenylmethanebi-
slauryl urea.

Among them, the above-described transparent nucleator
(C) 1s preferably at least one type of carboxylic acid amide
selected from the group consisting of lauric acid amide, palm-
1itic acid amide, stearic acid amide, erucic acid amide, behenic
acid amide, ricinoleic acid amide, hydroxystearic acid amide,
N-oleylpalmaitic acid amide, N-stearylerucic acid amide, eth-
ylenebiscapric acid amide, ethylenebislauric acid amide, eth-
ylenebisstearic acid amide, ethylenebisoleic acid amide, eth-
ylenebis-1,2-hydroxystearic acid amide,
hexamethylenebiscapric acid amide, hexamethylenebislauric
acid amide, hexamethylenebisstearic acid amide, hexameth-
ylenebisoleic acid amide, hexamethylenebis-1,2-hydroxys-
tearic acid amide, m-xylylenebiscapric acid amide, m-xylyle-
nebislauric acid amide, m-xylylenebisstearic acid amide,
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m-xylylenebisoleic acid amide, and m-xylylenebis-1,2-hy-
droxystearic acid amide. Such carboxylic acid amides are
preferable because the transparency at high crystallimity 1s
realized easily.

Furthermore, among them, biscarboxylic acid amides are
used favorably. In particular, ethylenebislauric acid amide,
cthylenebisoleic acid amide, ethylenebisstearic acid amide,
cthylenebis-1,2-hydroxystearic acid amide, hexamethyl-
enebislauric acid amide, hexamethylenebisoleic acid amide,
hexamethylenebis-1,2-hydroxystearic acid amide, m-xylyle-
nebislauric acid amide, m-xylylenebisoleic acid amide, and
m-xylylenebis-1,2-hydroxystearic acid amide are preferable.
Moreover, ethylenebislauric acid amide, ethylenebisoleic
acid amide, ethylenebis-1,2-hydroxystearic acid amide, eth-
ylenebisstearic acid amide, hexamethylenebislauric acid
amide, hexamethylenebisoleic acid amide, and hexamethyl-
enebis-1,2-hydroxystearic acid amide, which have no aro-
matic ring in the molecule, are preferable because the crys-
tallization rate 1s excellent.

Specific examples of aliphatic alcohols include pentadecyl
alcohol, cetyl alcohol, heptadecyl alcohol, 1,6-hexanediol,
1,8-octanediol, cyclohexane 1,2-diol, and cyclohexane 1,4-
diol.

Specific examples of aliphatic carboxylic acid esters
include lauric acid cetyl ester, palmaitic acid cetyl ester, stearic
acid cetyl ester, dilauric acid glycol, dipalmitic acid glycol,
monolauric acid glycerin ester, and monostearic acid glycerin
ester.

The above-described transparent nucleator (C) can be used
in an amount within the range of 0.1 to 10 parts by weight,
preferably 0.2 to 5 parts by weight, and fturther preferably 0.3
to 3 parts by weight relative to 100 parts by weight of the
above-described polylactic acid based resin (A) or 100 parts
by weight of a total of the above-described polylactic acid
based resin (A) and the above-described polylactic acid based
resin (B) used as necessary. In the case where the content of
the transparent nucleator (C) 1s within the above-described
range, the etlect of the transparent nucleator 1s realized to a
great extent, and a resin composition exhibiting a high crys-
tallization rate and the transparency in combination 1s pro-
duced.

<Various Additives and the Like>

The polylactic acid based resin composition according to
the present invention may contain other resins, additives, and
the like within the bounds of not impairing the feature of the
present invention.

Resins other than the above-described components (A) to
(C) or polymers and various additives may be added to the
polylactic acid based resin composition according to the
present invention in accordance with the purposes (for
example, improvement in moldabaility, secondary workabil-
ity, decomposition property, tensile strength, heat resistance,
preservation stability, weather resistance, tflame retardancy,
and the like).

Examples of other resins or polymers include polycarbon-
ate resins, unmodified polyolefins, vinyl based resins, poly-
styrenes, polyamides, acrylic resins, polyphenylene sulfide
resins, polyether ether ketone resins, polyesters, polysul-
fones, polyphenylene oxides, polyimides, polyetherimides,
acrylonitrile-butadiene-styrene copolymers (ABS), ethylene-
a.-olefin copolymers, conjugated diene based rubber, styrene
based rubber, phenol resins, melamine resins, polyester res-
ins, silicone resins, and epoxy resins. One type thereof may be
used alone or at least two types may be used 1n combination.

Examples of various additives include plasticizers, antioxi-
dants, ultraviolet absorbers, heat stabilizers, flame retardants,
internal mold release agents, morganic additives, organic
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additives, antistatic agents, surface wettability improvers,
incineration auxiliaries, pigments, dyes, nucleators, lubri-
cants, and natural products. Preferably, plasticizers are men-
tioned.

Examples of plasticizers include triacetin, triethylene gly-
col diacetate, acetyl triethyl citrate, acetyl tributyl citrate, and
dibutyl sebacate.

Inorganic additives and lubricants can be used for prevent-
ing blocking of a film or a sheet and improving a sliding
property. Examples of such inorganic additives include silica,
mica, talc, glass fibers, glass beads, kaolin, kaolinite, bartum
sulfate, calctum sulfate, magnestum hydroxide, Wollastonite,
carbon fibers, calcium silicate fibers, magnesium oxysuliate
fibers, potassium titanate fibers, calcium sulfite, white car-
bon, clay, montmonillonite, titammum oxide, and zinc oxide.
One type thereof may be used alone or at least two types may
be used 1n combination. In particular, an improvement in the
heat resistance of the resin composition can be expected by
using the glass fiber as the morganic additive.

Examples of organic additives include starch and deriva-
tives thereof, cellulose and derivatives thereof, pulp and
derivatives thereof, paper and derivatives thereot, wheat tlour,
soybean fibers, wheat bran, coconut shells, coffee grounds,
low molecular weight materials of proteins, phthalic acid
base, aliphatic polybasic acid base, glycerin base, citric acid
base, glycol base, and olefin base, polyethylene terephthalate
fibers, polyethylene naphthalate fibers, and aramid fibers.
One type thereof may be used alone or at least two types may
be used 1n combination.

The amount of addition of the other resin, the polymer, or
the additive 1s selected appropnately 1n accordance with the
use within the bounds of not impairing the object of the
present invention.

<Polylactic Acid Based Resin Composition>

The polylactic acid based resin composition according to
the present invention 1s characterized by containing 5 to 95
percent by weight of the above-described polylactic acid
based resin (A) as an indispensable component. It 1s prefer-
able that the above-described polylactic acid based resin (A)
within the above-described range 1s contained because the
transparency at high crystallinity 1s realized easily.

Furthermore, 1t 1s preferable that the polylactic acid based
resin composition according to the present invention contains
5 to 95 parts by weight of polylactic acid based resin (A) and
95 to 5 parts by weight ol polylactic acid based resin (B) other
than the above-described polylactic acid based resin (A)
(where a total of the polylactic acid based resins (A) and (B)
1s assumed to be 100 parts by weight). It 1s preferable that the
polylactic acid based resin composition contains the polylac-
tic acid based resins (A) and (B) at proportions within the
above-described ranges because the transparency at high
crystallinity 1s realized easily.

Moreover, it 1s preferable that the polylactic acid based
resin composition according to the present invention further
contains 0.1 to 10 parts by weight of the above-described
transparent nucleate (C) relative to 100 parts by weight of the
above-described polylactic acid based resin (A) or 100 parts
by weight of a total of the above-described polylactic acid
based resins (A) and (B). It 1s preferable that the above-
described transparent nucleate (C) 1s contained at a propor-
tion within the above-described range because the transpar-
ency at high crystallinity 1s realized easily.

The polylactic acid based resin composition according to
the present invention 1s excellent from the viewpoint of a large
crystallization rate. Here, the “crystallization rate” in the
present invention 1s determined on the basis of the time from
the start of keeping at a predetermined temperature until an
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exothermic peak reaches a maximum value (hereafter may be
referred to as an “1sothermal crystallization time™) 1in ditfer-
ential scanning calorimetry (DSC), where after the tempera-
ture of a polymer 1s raised so as to effect melting, cooling 1s
conducted to the predetermined temperature at a constant
rate, and the predetermined temperature 1s kept. In the case
where this time 1s small, the crystallization rate 1s large. The
above-described predetermined temperature 1s selected
appropriately 1n accordance with a polymer to be measured.

Specifically, in the case where a resin 1s formed from a unit
derived from lactic acid, as in the present invention, the
above-described 1sothermal crystallization time 1s deter-
mined on the basis of the time from the completion of cooling
to a predetermined temperature until an exothermic peak
reaches a maximum value, where S to 6 mg of the film-shaped
polymer 1s weighed 1nto a pan sealed with nitrogen, putting
into a DSC measurement portion, which 1s sealed with nitro-
gen and which 1s set at 30° C. 1n advance, 1s conducted, the
temperature 1s raised at a temperature rising rate of 100°
C./min so as to effect melting at 220° C. for 3 minutes and,
thereaiter, cooling 1s conducted to the predetermined crystal-
lization temperature (for example, 100° C.) at a cooling rate
of 99° C./min, followed by keeping.

Regarding the polylactic acid based resin composition
according to the present invention, in the case where the
composition 1s melted at 220° C. for 3 minutes and, thereatter,
cooling 1s conducted to 100° C. at a cooling rate of 99°
C./min, followed by keeping at 100° C., the 1sothermal crys-
tallization time 1s within 5 minutes, preferably 0.1 to 4 min-
utes, and further preferably 1 to 3 minutes.

<Method for Producing Polylactic Acid Based Resin Com-
position>

As for the method for producing the polylactic acid based
resin composition according to the present invention, pub-
licly known producing methods can be adopted appropnately.
For example, a method, in which a high-speed agitator or a
low-speed agitator 1s used, individual components are mixed
homogeneously 1n advance and, thereafter, melt kneading 1s
conducted with a single-screw or multi-screw extruder exhib-
iting suilicient kneading performance at a resin melting point
or higher, a method, 1n which mixing and kneading are con-
ducted 1n melting, a method, 1n which mixing 1s conducted 1n
a solution and, thereatter, a solvent 1s removed, and the like
can be adopted.

The production of the polylactic acid based resin compo-
sition may be conducted before molding of a molded body, or
the production of the composition and the molding may be
conducted at the same time. In the case where the composi-
tion 1s produced before the molding, 1t 1s preferable that the
shape of the resin composition 1s pellets, a rod, a powder, or

the like.

<Molded Body>

The molded body according to the present immvention 1s
characterized by being formed from the above-described
polylactic acid based resin (A) or the above-described poly-
lactic acid based resin composition, having a haze 01 0.1% to
15%, preferably 0.1% to 12%, and further preferably 0.1% to
11% at a thickness of 100 um and a crystallinity of 35% or
more, preferably 38% to 60%, and further preferably 40% to
55%, after anneal (heat treatment) at 103° C. for 60 seconds.

The molded body according to the present invention can be
produced by publicly known, publicly used methods, for
example, the following methods.

(1) Regarding extrusion molding, a film or a sheet can be
formed by molding the polylactic acid based resin (A) or the
polylactic acid based resin composition according to the
present invention with a general T-die extruder.
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(2) Regarding injection molding, pellets of the polylactic
acid based resin (A) or the polylactic acid based resin com-
position according to the present invention are melted and
soltened and are filled 1nto a mold, so that a molded body 1s
produced with a molding cycle of 20 to 300 seconds.

(3) Regarding blow molding (injection blow molding,
stretch blow molding, direct blow molding), for example, 1n
the case of imjection blow molding, pellets of the polylactic
acid based resin (A) or the polylactic acid based resin com-
position according to the present invention are melted with a
general 1njection blow molding machine and are filled 1nto a
mold, so that a preform 1s produced. The resulting perform 1s
reheated 1n an oven (furnace) and, thereafter, 1s put into a
mold kept at a constant temperature. Blowing 1s conducted by
teeding pressure air, so that a blow bottle can be produced.

(4) Regarding vacuum molding and vacuum-pressure
molding, a film or a sheet molded by the same method as the
extrusion molding of the above-described 1tem (1) 1s used as
a perform. The resulting perform 1s heated so as to be softened
temporally. Thereafter, a general vacuum molding machine 1s
used and vacuum molding or vacuum-pressure molding 1s
conducted 1 a mold kept at a constant temperature, so that a
molded body can be produced.

(5) Regarding laminate molding, a laminated molded body
can be produced by, for example, a method, in which a film or
a sheet produced by the extrusion molding method described
above 1n the item (1) and other base material are laminated
with an adhesive or heat; an extrusion lamination method, 1n
which a molten resin 1s extruded directly on a base material,
¢.g., paper, metal, plastic, or the like from a T-die by the same
method as the extrusion molding method described above in
the 1tem (1); a coextrusion method, 1n which the polylactic
acid based resin (A) or the polylactic acid based resin com-
position according to the present invention and the like are
melted individually with respective extruders, and are joined
with a die head so as to be extruded at the same time:; and
coextrusion lamination, in which the above-described meth-
ods are combined.

(6) Regarding tape yarn molding, a film or a sheet molded
by the same method as the extrusion molding method
described above 1n the 1tem (1) 1s slit into a specific width,
uniaxial thermal stretching 1s conducted at a temperature
within the range of 60° C. to 140° C., and thermal fixing 1s
turther conducted at a temperature within the range of 80° C.
to 160° C., as necessary, so that a molded body can be pro-
duced.

(7) Regarding string forming, a string can be produced by
a melt spinning method, 1n which the polylactic acid based
resin (A) or the polylactic acid based resin composition
according to the present invention 1s melted at a temperature
of 150° C. to 240° C. by using an extruder, so as to be
discharged from a spinming nozzle. The string can be formed
by conducting uniaxial thermal stretching at a temperature
within the range of 60° C. to 100° C., as necessary, and 1n
some cases, further conducting thermal {ixing at a tempera-
ture within the range of 80° C. to 140° C.

(8) Regarding nonwoven fabric forming, a molded body
can be produced by a spun-bond method or a melt-blown
method.

In the spun-bond method, melt-spinning 1s conducted
through the use of a multi-hole spinning nozzle by the same
method as the string forming method described above 1n the
item (7), web 1s formed through stretching by using an air
sucker disposed under the spinning nozzle, the web 1s accu-
mulated on a collection surface, and this 1s press-bonded or
heat-fused with an embossing roll and a smoothing roll, so
that a nonwoven fabric can be produced. In the melt-blown
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method, a molten resin discharged from the multi-hole spin-
ning nozzle 1s brought mto contact with a high-speed heated
gas blown out of a heated gas outlet, so as to be made into fine
fibers, and the resulting fibers are accumulated on a moving
support, so that a nonwoven fabric can be produced.

The above-described molded body has a haze of preferably
0.1% to 15%, more preferably 0.1% to 12%, and further
preferably 0.1% to 11% at a thickness of 100 um and a
crystallinity of preferably 35% or more, more preferably 38%
to 60%, and further preferably 40% to 355%, after a heat
treatment at 80° C. to 120° C. for 1 to 300 seconds.

In the present mnvention, the “crystallinity” 1s determined
on the basis of the differential scanning calorimetry (DSC).
Specifically, a non-oriented film produced by press molding
1s heat-treated 1n an oven at 105° C. for a predetermined time
initially. The film after the heat treatment 1s weighed by 5 to
6 mg mto a pan sealed with nitrogen, putting into a DSC
measurement portion, which 1s sealed with nitrogen and
which 1s set at 30° C. 1n advance, 1s conducted, and the
temperature 1s raised to 220° C. at a temperature rising rate of
10° C./min. The crystallization enthalpy (AHc) and the crys-
tal melting enthalpy (AHm) are measured, [[(AHm-AHc)/
(AH,)]|x100] 1s determined, and this 1s assumed to be the
crystallimity. Here, AH, represents perfectly ideal crystal
melting enthalpy and, for example, the AH, of polylactic acid
1s 93 J/g. The “haze” 1n the present invention i1s a value
measured with a haze meter.

<Uses>

The polylactic acid based resin (A) or the polylactic acid
based resin composition according to the present invention
can be molded by the above-described various molding meth-
ods and can be applied to various uses favorably without
being specifically limited. These molded bodies can be
applied to various uses, e€.g., automobile parts, maternals and
parts for home appliances, electric and electronic parts, con-
struction matenals, civil engineering materials, agricultural
matenals, daily goods, various films, breathable films and
sheets, foamed bodies suitable for general industrial uses and
recreational uses, strings and textiles, and medical or sanitary
materials. Preferably, the molded bodies can be used for
maternials and parts for automobiles, materials and parts for
home appliances, and electric and electronic materials and
parts, which are required to have the heat resistance and the
impact resistance.

Specific examples include development in parts, e.g., front
doors and wheel caps, to which resin parts have been hitherto
applied, as for automobile part and material uses, develop-
ment 1 cabinet parts of products, e.g., personal computers,
headphone stereos, and cellular phones, as for home appli-
ance material and part uses, and development 1n reflection

matenal films and sheets and polanzing films and sheets, as
for electric and electronic parts.

EXAMPLES

The present invention will be more specifically described
below with reference to examples, although the present
invention 1s not specifically limited to these examples.

<Weight Average Molecular Weight™>

(I) Weight Average Molecular Weight of Polyolefin Based
Compound Serving as Materal

The value was determined on the basis of comparison with
a polystyrene standard sample through gel permeation chro-
matography (GPC): GPC-130 produced by Millipore Corpo-
ration,
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column: TSKGNHHT 7.5 mmx300 mm, column tempera-
ture: 140° C., mobile phase: orthodichlorobenzene (BHT
0.025 percent by weight as antioxidant), and flow rate: 1.0

ml/min.
(1) Weight Average Molecular Weight of Polylactic Acid

Based Resin

The value was determined on the basis of comparison with
a polystyrene standard sample through gel permeation chro-

matography (GPC): Shodex GPC-101 produced by SHOWA
DENKO K.K., column: “PLgel mixd ¢” produced by Poly-
mer Labs, Inc.x2 1n series, column temperature: 40° C.,
mobile phase: chloroform, and flow rate: 1 ml/min.

<Crystallization Rate (Isothermal Crystallization Time>
The value was determined with DSC (“DSC-60" produced

by SHIMADZU CORPORATION). A non-oriented film pro-

duced by press molding was weighed by 5 to 6 mg into a pan
sealed with nitrogen, putting into a DSC measurement por-
tion, which was sealed with mtrogen and which was set at. 30°
C. m advance, was conducted. Thereafter, the temperature
was raised at a temperature rising rate of 100° C./min, so as to
cifect melting at 220° C. for 3 minutes. After the melting,
cooling was conducted to 100° C. at a cooling rate of 99°
C./min. The point 1n time when cooling to 100° C. was com-
pleted was assumed to be a starting time, and the time when an
exothermic peak reached a maximum was determined.

<Crystallinity>

The value was determined with DSC (“DSC-60" produced
by SHIMADZU CORPORATION). A non-oriented film pro-
duced by press molding was heat-treated 1n an oven at 105° C.
for a predetermined time. The film after the heat treatment
was weighed by 5 to 6 mg 1nto a pan sealed with nitrogen,
putting mto a DSC measurement portion, which was sealed
with nitrogen and which was set at 25° C. 1n advance, was
conducted. Thereatter, the temperature was raised to 220° C.
at a temperature rising rate of 10° C./min. The crystallization
enthalpy (AHc) and the crystal melting enthalpy (AHm) were
measured, [[(AHm-AHc)/(AH,)]x100] was determined, and
this was assumed to be the crystallinity. Here, AH,, represents
perfectly ideal crystal melting enthalpy and the value of poly-
lactic acid of 93 J/g was used.

<Transparency (Haze (HAZE))>

The value was determined with a haze meter (“NDH2000”
produced by NIPPON DENSHOKU INDUSTRIES CO.,
LTD.) on the basis of JIS K 7105.

Synthesis Example 1

A 1000-ml glass reactor equipped with an agitator, a ther-
mometer, a condenser, and a dropping funnel was charged
with 100 g of polyethylene (Mw=2,058, Mn=1,118), which
had an epoxy group at an end (89 mmol where Mn=1,118 1s
assumed) and which was synthesized following Synthesis
example 2 of Japanese Unexamined Patent Application Pub-
lication No. 2006-131870, and 270 g of toluene, and heat-
melting was conducted under reflux of toluene. Thereatter, 30
g (1 mol) of formic acid was added gradually at 90° C.,
agitation was conducted for 8 hours, and 100 g of warm water
was put 1n so as to separate a water layer. Subsequently, 75 g
(KOH 66.8 mmol) of 5% KOH/n-BuOH was added gradually
at 90° C., and agitation was conducted at 115° C. for 2 hours.
Then, cooling to 80° C. was conducted, acetonitrile was
added to precipitate a reaction product, and a solid was taken
through filtration. The resulting solid was agitated and
washed one time with a methanol aqueous solution and three
times with methanol. Next, the resulting solid was taken

through filtration and was dried at 60° C. under reduced
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pressure, so that 98 g of white powder of polyethylene
(Mw=2,091, Mn=1,136) having two hydroxyl groups at ends
was produced.

Synthesis Example 2

A 1000-ml glass reactor equipped with an agitator, a ther-
mometer, a condenser, and a dropping funnel was charged
with 84 g of polyethylene (Mw=2,058, Mn=1,118), which
had an epoxy group at an end (75 mmol where Mn=1,118 1s
assumed) and which was synthesized following Synthesis
example 2 of Japanese Unexamined Patent Application Pub-

lication No. 2006-131870, 39.4 g (375 mmol) of diethanola-
mine, and 150 g of toluene, and agitation was conducted for 4
hours under reflux. Therealter, acetone was added while cool-
ing was conducted, so as to precipitate a reaction product, and
a solid was taken through filtration. The resulting solid was
agitated and washed one time with an acetone aqueous solu-
tion and, furthermore, three times with acetone. Subse-
quently, the resulting solid was taken through filtration. Then,
drying was conducted at room temperature under reduced
pressure, so that 82 g of white powder of polyethylene
(Mw=1,979, Mn=1,075) having a hydroxyl group and a bis
(2-hydroxyethyl)amino group at ends was produced.

Synthesis Example 3

In a manner similar to that in Synthesis example 1 except
that the polyethylene having an epoxy group at an end in
Synthesis example 1 was changed to an ethylene-propylene
copolymer (Mw=1,470, Mn=843), which had an epoxy group
at an end and which was synthesized following Synthesis
example 8 of Japanese Unexamined Patent Application Pub-
lication No. 2006-131870, 94 g of white powder of ethylene-
propylene copolymer (Mw=1,503, Mn=862) having two
hydroxyl groups at ends was produced.

Synthesis Example 4

In a manner similar to that in Synthesis example 2 except
that the polyethylene having an epoxy group at an end in
Synthesis example 2 was changed to an ethylene-propylene
copolymer IMw=1,470, Mn=843), which had an epoxy group
at an end and which was synthesized following Synthesis
example 8 of Japanese Unexamined Patent Application Pub-
lication No. 2006-131870, 60.1 g of white powder of ethyl-
ene-propylene copolymer (Mw=1,437, Mn=824) having a
hydroxyl group and a bis(2-hydroxyethyl)amino group at
ends was produced.

Synthesis Example 5

In a manner similar to that in Synthesis example 1 except
that the polyethylene having an epoxy group at an end in
Synthesis example 1 was changed to 48 g of polyethylene
(Mw=7,134, Mn=3,920), which was synthesized following
Comparative example 2 of Japanese Unexamined Patent
Application Publication No. 2003-73412 and a vinyl group at
an end was epoxidized by the same method as in Synthesis
example 2 of Japanese Unexamined Patent Application Pub-

lication No. 2006-131870, 40 g of white powder of polyeth-
ylene Mw=7,326, Mn=4,0235) having two hydroxyl groups at
ends was produced.

Synthesis Example 6

In a manner similar to that in Synthesis example 2 except
that the polyethylene having an epoxy group at an end in
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Synthesis example 2 was changed to 55 g of polyethylene
(Mw=7,927, Mn=3,920), which was synthesized following

Comparative example 2 of Japanese Unexamined Patent
Application Publication No. 2003-73412 and a vinyl group at

an end was epoxidized by the same method as 1 Synthesis
example 2 of Japanese Unexamined Patent Application Pub-
lication No. 2006-131870, 52 g of white powder of polyeth-
ylene (Mw=6,940, Mn=3,877) having a hydroxyl group and a
bis(2-hydroxyethyl)amino group at ends was produced.

Synthesis Example 7

A 200-mL glass reactor equipped with an agitator, a ther-
mometer, and a condenser was charged with 142.3 g (0.988
mol) of L-lactide, 1.7 g (0.122 mol) of D-lactide, 2.2 ¢
(0.00143 mol) of polyester (hydroxyl equivalent weight: 770
g/eq, weight average molecular weight: 2,810), which had
hydroxyl groups at both ends and which was produced by
reacting terephthalic acid chloride and 1,4-butanediol, and
11.5 mg of tin octoate, and the temperature was raised to 190°
C. 1 a nitrogen atmosphere while agitation was conducted at
the number of revolutions of 150 rpm. Polymerization was
elfected at 190° C. to 200° C. for 2 hours while the agitation
was continued. In the polymerization, as the polymer viscos-
ity increased, the agitation became difficult. Therefore, the
number of revolutions was reduced to 50 rpm while monitor-
ing was conducted. The polymerization was terminated after
it was ascertained that the viscosity of the polymer increased
suificiently and the molecular weight (Mw) was 203,000 on a
GPC basis. At this time, the amount of remaining unreacted
lactide was 3.2 percent by weight.

After the polymerization was completed, the polymer was
temporally discharged into a bat so as to be cooled and,
thereafter, was dissolved into 2,000 mL. of chloroform. The
resulting chloroform solution was agitated and methanol was
added little by little. Since clouding occurred when about
2,000 mL of methanol was added, addition of methanol was
suspended, and a polymer was precipitated gradually while
agitation was conducted. After 2 hours later, since the poly-
mer was precipitated suiliciently, about 4,000 mL of metha-
nol was further added, agitation was conducted suiliciently
for 1 hour, so as to remove remaining lactide. Thereafiter,
polymer was separated through suction filtration. A filtration
residue was rinsed with a small amount of methanol and,
turthermore, agitation was conducted for 1 hour 1n 3,000 mL
of methanol. Subsequently, suction filtration was conducted
and, thereby, remaining lactide was removed completely. The
thus produced polymer was dried at 40° C. for 24 hours 1n a
dryer 1n a nitrogen stream, so that 135.2 g of polylactic acid
(B-1) having a partial structure derived from a polyester pro-
duced from terephthalic acid and 1.,4-butanediol was pro-
duced. The weight average molecular weight (Mw) of the
resulting polylactic acid (B-1) was 206,000 and unreacted
lactide was not detected.

Synthesis Example 8

The same reactor as that in Synthesis example 7 was used,
and 1n a manner similar to that in Synthesis example 7 except
that 2.2 g (0.00143 mol) of polyester (hydroxyl equivalent
weight: 770 g/eq), which had hydroxyl groups at both ends
and which was produced by reacting terephthalic acid chlo-
ride and 1,4-butanediol, was changed to 3.5 g (0.00143 mol)
of polyester (hydroxyl equivalent weight: 1,230 g/eq, weight
average molecular weight: 4,238), which had hydroxyl
groups at both ends and which was produced by reacting
terephthalic acid chloride and 1,8-octanediol, 135.8 g of poly-
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lactic acid (B-2) having a partial structure derived from a
polyester produced from terephthalic acid and 1,8-octanediol
was produced. The weight average molecular weight (Mw) of
the resulting polylactic acid (B-2) was 217,000.

Synthesis Example 9

The same reactor as that 1n Synthesis example 7 was used,
and 1n a manner similar to that 1n Synthesis example 7 except
that 2.2 g (0.00143 mol) of polyester (hydroxyl equivalent
weight: 770 g/eq), which had hydroxyl groups at both ends
and which was produced by reacting terephthalic acid chlo-
ride and 1,4-butanediol, was changed to 3.1 g (0.00143 mol in
terms of hydroxyl group) of PPG#2000 (Mw=2,200, special
grade chemicals, produced by KANTO CHEMICAL CO.,
INC.), 133.2 g of polylactic acid (B-3) having a partial struc-
ture derived from PPG#2000 was produced. The weight aver-

age molecular weight (Mw) of the resulting polylactic acid
(B-3) was 198,000.

Synthesis Example 10

The same reactor as that 1n Synthesis example 7 was used,
and 1n a manner similar to that in Synthesis example 7 except
that 2.2 g (0.00143 mol) of polyester (hydroxyl equivalent
weight: 770 g/eq), which had hydroxyl groups at both ends
and which was produced by reacting terephthalic acid chlo-
ride and 1,4-butanediol, was changed to a silicone compound
(product name: KF-6002, produced by Shin-Etsu Chemical
Co., Ltd., hydroxyl equivalent weight: 1,648 g/eq, weight
average molecular weight: 6,095): 4.7 ¢ (0.00143 mol), 135.2
g ol polylactic acid having a partial structure represented by
the following general formula (3) derived from an alkyl-
modified silicone compound having hydroxyl groups at both

ends was produced. The weight average molecular weight
(Mw) of the resulting polylactic acid (B-4) was 209,000.

|Chemuical formula 34]

()

(In the formula (5), R, and R, represent independently a
linear or branched alkyl group having the carbon number of 1
to 5 or an aryl group having the carbon number of 6 to 10 and
may be the same or different.)

Synthesis Example 11

The same reactor as that 1n Synthesis example 7 was used,
and a reaction was effected in a manner similar to that 1n
Synthesis example 7 except that 2.2 g (0.00143 mol) of poly-
ester (hydroxyl equivalent weight: 770 g/eq), which had
hydroxyl groups at both ends and which was produced by
reacting terephthalic acid chloride and 1,4-butanediol, was
changed to 28.8 g (corresponding to hydroxyl group: 0.0038
mol) of modified polypropylene (Mn=31,000), which was
synthesized following Production example 1 of Japanese
Unexamined Patent Application Publication No. 2007-

1’77039 and which was grafted with 2-hydroxyethyl meth-
acrylate. However, lactide and the modified polypropylene
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grafted with 2-hydroxyethyl methacrylate were not compat-
ible with each other and, therefore, the reaction did not pro-
ceed.

Synthesis Example 12

In a manner similar to that in Production examples 1 and 3
of Japanese Unexamined Patent Application Publication No.
2007-177039, 4.5 parts by weight of 2-hydroxyethyl meth-
acrylate (HEMA ) and 3 parts by weight of t-butylperoxyben-
zoate (PBZ; produced by NOF CORPORATION) were dry-
blended relative to 100 parts by weight of propylene
homopolymer powder having a melt tlow rate (MFR: 230° C.,
2,160 ¢g) 01 2.4 g¢/10min and a limiting viscosity [1] measured
in decalin at 135° C. of 2.6 dl/g with a Henschel mixer and,
thereafter, melt-modification was effected at 210° C. by using,
a twin screw extruder (ZSK-30, TECHNOVEL CORPORA-
TION), so that modified polypropylene resin (hereafter may
be referred to as “HEMA-PP”) pellets were produced.
Regarding the resulting modified polypropylene resin, the
welght average molecular weight (Mw) on a GPC basis was
24,000 and the number average molecular weight (Mn) was
9,000.

Furthermore, 1n a manner similar to that in Production
examples 2 and 4 of Japanese Unexamined Patent Applica-
tion Publication No. 2007-177039, the resulting HEMA-PP
was reacted at a ratio of mixed xylene: 360 g, L-lactide: 300
g and tin octoate serving as a catalyst: 24 mg relative to
HEMA-PP: 60 g, so that a copolymer A having a polylactic
acid segment and a polypropylene segment was produced at a
yield 01330 g. The weight average molecular weight (Mw) of
the resulting copolymer A was 289,000.

Example 1

A 200-mL glass reactor equipped with an agitator, a ther-
mometer, and a condenser was charged with 142.3 g (0.988
mol) of L-lactide, 1.7 g (0.122 mol) of D-lactide, polyethyl-
ene oligomer, which had two hydroxyl groups at ends and
which was produced 1n Synthesis example 1: 2.05 g (0.0018
mol), and 11.5 mg of tin octoate, and the temperature was
raised to 190° C. 1n anitrogen atmosphere while agitation was
conducted at the number of revolutions of 150 rpm. Polymer-
1zation was effected at 190° C. to 200° C. for 2 hours while the
agitation was continued. In the polymerization, as the poly-
mer viscosity increased, the agitation became difficult. There-
fore, the number of revolutions was reduced to 50 rpm while
monitoring was conducted. The polymerization was termi-
nated after 1t was ascertained that the viscosity of the polymer
increased suificiently and the molecular weight (Mw) was
245,000 on a GPC basis.

After the polymerization was completed, the polymer was
temporally discharged into a bat so as to be cooled and,
thereafter, was dissolved into 2,000 mL of chloroform. The
resulting chloroform solution was agitated and methanol was
added little by little. Since clouding occurred when about
2,000 mL of methanol was added, addition of methanol was
suspended, and a polymer was precipitated gradually while
agitation was conducted. After 2 hours later, since the poly-
mer was precipitated suiliciently, about 4,000 mL of metha-
nol was further added, agitation was conducted suiliciently
for 1 hour, so as to remove remaining lactide. Thereafiter,
polymer was separated through suction filtration. A filtration
residue was rinsed with a small amount of methanol and,
turthermore, agitation was conducted for 1 hour 1n 3,000 mL
of methanol. Subsequently, suction filtration was conducted
and, thereby, remaining lactide was removed completely. The
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thus produced polymer was dried at 50° C. and 2 kPa for 24
hours, so that 134.2 g of polylactic acid (A-1) having a partial
structure (1-1), described below,

|Chemical formula 35]

S

O

derived from the polyethylene oligomer having two hydroxyl
groups at ends was produced. The weight average molecular
weight (Mw) of the resulting polylactic acid (A-1) was 251,
000.

A group represented by E in this partial structural formula
1s a polymer residue resulting from ethylene homopolymer-
ization, and the weight average molecular weight (Mw)
thereof was 2,015, which was derived by subtracting the
molecular weight 42 of an epoxy group and the molecular
weight 1 of hydrogen atom corresponding to the substituent Z
in the general formula (1) from the weight average molecular
weight (Mw) 2,058 of the polymer having an epoxy group at
an end 1 Synthesis example 1.

Furthermore, regarding the polylactic acid, R, 1n the gen-
eral formula (1) 1s a single bond, and the portion other than the
partial structure 1s formed through repetition of a lactic acid
unit.

(1-1)

Example 2

In a manner similar to that 1n Example 1 except that the
polyethylene oligomer, which had two hydroxyl groups at
ends and which was produced 1n Synthesis example 1: 2.05 g
(0.0018 mol) was changed to the polyethylene polymer,
which had a hydroxyl group and a bis(2-hydroxyethyl)amino
group at ends and which was produced 1n Synthesis example

2: 1.29 ¢ (0.0012 mol), 133.7 g of polylactic acid (A-2)
having a partial structure (1'-1), described below,

|Chemuical formula 36]

(1'-1)
H

E N
NN

derived from the polyethylene polymer having a hydroxyl
group and a bis(2-hydroxyethyl)amino group at ends was
produced. The weight average molecular weight (Mw) of the
resulting polylactic acid (A-2) was 248,000.

A group represented by E 1n this partial structural formula
1s a polymer residue resulting from ethylene homopolymer-
ization, and the weight average molecular weight (Mw)
thereol was 2,015, which was derived by subtracting the
molecular weight 42 of an epoxy group and the molecular
weight 1 of hydrogen atom corresponding to the substituent Z
in the general formula (1') from the weight average molecular
weight (Mw) 2,038 of the polymer having an epoxy group at
an end 1 Synthesis example 2.
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Furthermore, regarding the polylactic acid, R, and R; in the
general formula (1') are an oxyethylene group, and the portion
other than the partial structure 1s formed through repetition of
a lactic acid unat.

Example 3

In a manner similar to that in Example 1 except that the
polyethylene oligomer, which had two hydroxyl groups at
ends and which was produced 1n Synthesis example 1: 2.05 g
(0.0018 mol) was changed to the ethylene-propylene copoly-
mer, which had two hydroxyl groups at ends and which was
produced 1n Synthesis example 3: 1.55 g (0.0018 mol), 128.2
g of polylactic acid (A-3) having the above-described partial
structure (1-1) derived from the ethylene-propylene copoly-
mer having two hydroxyl groups at ends was produced. The
welght average molecular weight (Mw) of the resulting poly-
lactic acid (A-3) was 227,000.

A group represented by E 1n this partial structural formula
1s a polymer residue resulting from ethylene-propylene copo-
lymerization, and the weight average molecular weight (Mw)
thereolf was 1,427 or 1,413, which was derived by subtracting
the molecular weight 42 of an epoxy group and the molecular
weight 1 of hydrogen atom or the molecular We1ght 15 of
methyl group corresponding to the substituent Z in the gen-
eral formula (1) from the weight average molecular weight
(Mw) 1,470 of the polymer having an epoxy group at an end
in Synthesis example 3.

Furthermore, regarding the polylactic acid, R, 1n the gen-
eral formula (1) 1s a single bond, and the portion other than the
partial structure 1s formed through repetition of a lactic acid
unit.

Example 4

In a manner similar to that in Example 1 except that the
polyethylene oligomer, which had two hydroxyl groups at
ends and which was produced 1n Synthesis example 1: 2.05 g
(0.0018 mol) was changed to the ethylene-propylene copoly-
mer, which had a hydroxyl group and a bi1s(2-hydroxyethyl)
amino group at ends and which was produced in Synthesis
example 4: 0.99 g (0.0012 mol), 125.7 g of polylactic acid
(A-4) having the above-described partial structure (1'-1)
derived from the ethylene-propylene copolymer having a
hydroxyl group and a bis(2-hydroxyethyl)amino group at
ends was produced. The weight average molecular weight
(Mw) of the resulting polylactic acid (A-4) was 271,000.

A group represented by E 1n this partial structural formula
1s a polymer residue resulting from ethylene-propylene copo-
lymerization, and the weight average molecular weight (Mw)
thereot was 1,427 or 1,413, which was derived by subtracting,
the molecular weight 42 of an epoxy group and the molecular
weight 1 of hydrogen atom or the molecular weight 15 of
methyl group corresponding to the substituent Z in the gen-
eral formula (1') from the weight average molecular weight
(Mw) 1,470 of the polymer having an epoxy group at an end
in Synthesis example 4.

Furthermore, regarding the polylacticacid, R, and R ; in the
general formula (1') are an oxyethylene group, and the portion
other than the partial structure 1s formed through repetition of
a lactic acid unat.

Example 5

In a manner similar to that in Example 1 except that the
polyethylene oligomer, which had two hydroxyl groups at
ends and which was produced 1n Synthesis example 1: 2.05 g
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(0.0018 mol) was changed to the polyethylene, which had two
hydroxyl groups at ends and which was produced in Synthesis
example 5: 7.25 g (0.0018 mol), 138.1 g of polylactic acid
(A-5) having the above-described partial structure (1-1)
derived from the polyethylene having two hydroxyl groups at
ends was produced. The weight average molecular weight
(Mw) of the resulting polylactic acid (A-5) was 284,000.

A group represented by E 1n this partial structural formula
1s a polymer residue resulting from ethylene homopolymer-
ization, and the weight average molecular weight (Mw)
thereof was 7,091, which was derived by subtracting the
molecular weight 42 of an epoxy group and the molecular
weight 1 of hydrogen atom corresponding to the substituent Z
in the general formula (1) from the weight average molecular
weight (Mw) 7,134 of the polymer having an epoxy group at
an end 1 Synthesis example 5.

Furthermore, regarding the polylactic acid, R, 1n the gen-
eral formula (1) 1s a single bond, and the portion other than the
partial structure 1s formed through repetition of a lactic acid
unit.

Example 6

In a manner similar to that 1n Example 1 except that the
polyethylene oligomer, which had two hydroxyl groups at
ends and which was produced 1n Synthesis example 1: 2.05 g
(0.0018 mol) was changed to the polyethylene, which had a
hydroxyl group and a bis(2-hydroxyethyl)amino group at
ends and which was produced 1n Synthesis example 6: 4.65 g
(0.0012 mol), 131.8 g of polylactic acid (A-6) having the
above-described partial structure (1'-1) derived from the
polyethylene having a hydroxyl group and a bis(2-hydroxy-
ethyl)amino group at ends was produced. The weight average
molecular weight (IMw) of the resulting polylactic acid (A-6)
was 256,000.

A group represented by E 1n this partial structural formula
1s a polymer residue resulting from ethylene homopolymer-
ization, and the weight average molecular weight (Mw)
thereol was 7,884, which was derived by subtracting the
molecular weight 42 of an epoxy group and the molecular
weight 1 of hydrogen atom corresponding to the substituent Z
in the general formula (1') from the weight average molecular
weight (Mw) 7,927 of the polymer having an epoxy group at
an end 1 Synthesis example 6.

Furthermore, regarding the polylactic acid, R, and R ; in the
general formula (1') are an oxyethylene group, and the portion
other than the partial structure 1s formed through repetition of
a lactic acid unit.

Examples 7 to 12

The polylactic acids (A-1) to (A-6) synthesized 1n
Examples 1 to 6 and the transparent nucleator (C) 1n parts by
weight shown 1n Table 1 were kneaded by using Labo Plas-
tomill under the condition of a temperature of 200° C., a time
of 5 minutes, and the number of revolutions of 50 rpm. The
resulting kneaded product was pressed for 5 minutes under

the condition of 200° C. and 10 MPa, so as to produce a film
having a thickness of 100 um. The 1sothermal crystallization
time of the resulting film was measured as described above.
Furthermore, the resulting film was put in an oven at 105° C.
for 20 seconds or 60 seconds so as to conduct anneal (heat
treatment), and the crystallimity and the transparency (haze)
before and after anneal were measured as described above.
The results are shown in Table 1.

Examples 13 to 22

The polylactic acids (A-1) to (A-6) synthesized 1n
Examples 1 to 6, the transparent nucleator (C), commercially
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available polylactic acid (B-0) [registered trade mark
LACEA, Grade H-100, produced by Mitsu1 Chemicals, Inc.],

and the polylactic acid based resins (B-1) to (B-4), which had
specific structures and which were synthesized 1n Synthesis

36

isothermal crystallization time, the crystallinity, and the
transparency were measured. The results are shown 1n Table

2.

examples 7 to 10, in parts by weight shown in Table 1 were ° :
, , . Comparative Example 2
kneaded by using Labo Plastomill under the condition of a
temperature of 200° C., a time of 5 minutes, and the number _
of revolutions of 50 rpm. The resulting kneaded product was The copolymer (copolymer A: weight average molecular
pressed for 5 minutes under the condition of 200° C. and 10 . weight (289,000)), which was synthesized i Synthesis
MPa, so as to produce a film having a thickness of 100 um. example 12 and which had a polylactic acid segment ElI?.ld a
The isothermal crystallization time of the resulting film was ~ Polypropylene segment was used, a film was produced i a
measured as described above. Furthermore, the resulting film manner similar to that in Example 1, and the 1sothermal
was put 1n an oven at 105° C. for 20 seconds or 60 seconds so “Ly stalhzatlondtl%rllle, the lcry stallilmty, :.an(% t]})lle tgransparency
as to conduct anneal (heat treatment), and the crystallinity and . were measured. 1he results are shown in fable 5.
the transparency (haze) belore and after anneal were mea-
sured as described above. The results are shown 1n Tables 1 Comparative Example 3
and 2.
A film was produced 1n a manner similar to that in Example
Comparative Example 1 20 1 except that the transparent gucleator (C) was added toithe
copolymer (copolymer A: weight average molecular weight
. L (289,000)) having a polylactic acid segment and a polypro-
In a HAInet 51.11111:-511* to that - _1?{ample : e‘;‘{cept that a pylene segment 1n Comparative example 2 and kneading was
commercmlly available polylactic acid (B-0) [reglstered j[rade conducted in parts by weight shown in Table 1, and the
mark LACEA, Grade H-100, produced by Mitsu1 Chemicals, »s5 jsothermal crystallization time, the crystallinity, and the
Inc.] and the transparent nucleator (C) i parts by weight  transparency were measured. The results are shown in Table
shown 1n Table 1 were kneaded, a film was produced, and the 3.
TABLE 1
Composition
Transparent
Polylactic Polylactic nucleator
acid (A) acid (B) (C) Crystallinity (%) Haze (%)
Parts Parts Parts Isothermal Anneal time Anneal time
by by by crystallization (sec) (sec)
Type  weight Type  weight Type  weight time (min) 0 20 60 0 20 60
Example 7 A-1 100 — — EBL 0.5 1.1 146 240 428 08> 130 6.28
Example & A-2 100 — — EBL 0.5 1.2 13.8 258 43.0 1.02 1.24 6.16
Example 9 A-3 100 — — EBL 0.5 0.9 14.0 231 419 094 1.20 6.20
Example 10 A-4 100 — — EBL 0.5 0.9 12.5 251 43.2 087 1.18 5.80
Example 11  A-5 100 — — EBL 0.5 1.0 153 279 447 089 1.20 6.37
Example 12 A-6 100 — — EBL 0.5 0.9 10.7 203 422 091 1.21 6.05
Example 13 A-1 50 B-0 50 EBL 0.5 0.7 14.8 238 438 045 1.06 4.75
Example 14 A-2 50  B-0 50  EBL 0.5 0.9 13.5 21.6 43.2 054 1.23 4.22
Example 15 A-3 90  B-0 10 EBL 0.5 0.6 11.9 239 4377 089 1.15 497
Example 16 A-4 75 B-0 25 EBL 0.5 0.9 157 21.6 426 091 128 425
Example 17 A-5 30  B-0 70 EBL 0.5 0.7 12.7 23.0 43.0 045 1.16 4.75
Example 18  A-6 10 B-0 90  EBL 0.5 0.9 14.0 21.6 43.2 054 1.23 4.22
EBL: ethylenebislauric acid amide
TABLE 2
Composition
Transparent
Polylactic Polylactic nucleator
acid (A) acid (B) Crystallinity (%) Haze (%)
Parts Parts Parts Isothermal Anneal time Anneal time
by by by crystallization (sec) (sec)
Type  weight Type  weight Type  weight time (min) 0 20 60 0 20 60
Example 19 A-1 50 B-1 50  EBL 0.5 0.9 12.6 23.1 41.8 0.75 1.10 3.20
Example 20 A-2 50 B-2 50  EBL 0.5 0.8 114 21.8 41.0 1.62 1.12 3.1R8
Example 21  A-1 50 B-3 50  EBL 0.5 0.9 11.2  21.1 422 0.73 1.07 3.25




US 8,288,463 B2

37

TABLE 2-continued

38

Composition
Transparent
Polylactic Polylactic nucleator
acid (A) acid (B) (C) Crystallinity (%o) Haze (%)
Parts Paits Parts Isothermal Anneal time Anneal time
by by by crystallization (sec) (sec)
Type  weight Type  weight Type  weight time (min) 0 20 60 0 20 60
Example 22 A-2 50 B-4 50 EBL 0.5 0.7 10.5 20.7 42,1 0.67 1.08 342
Comparative — —  B-0 100 EBL 0.5 1.5 45 511 356 0.7 401 377
example 1
EBL: ethylenebislauric acid amide
TABLE 3
Composition Crystallinity
Transparent (%) Haze (%)
Copolymer (A)  nucleator (C) Isothermal Anneal Anneal time
Parts by Parts by crystallization time (sec) (sec)
welght Type  weight time (min) 0 20 60 0 20 60
Comparative 100 EBL — 2.6 6.4 9.8 23.6 12.2 14.1 18.8
example 2
Comparative 100 EBL 0.5 1.1 104 18.8 323 13.8 26.7 425
example 3
EBL: ethylenebislauric acid amide
or the following formula (1'):
335

The 1nvention claimed 1s:

1. A polylactic acid based resin (A) comprising a weight
average molecular weight (IMw) of 5,000 to 1,000,000 and a
moiety represented by the following formula (1):

E
X|—Rj—

O

(1)

wherein E represents a polymer residue, which 1s formed
from an ethylene homopolymer, a copolymer of ethyl-
ene and an o-olefin having the carbon number of 3 to 20,
or a homopolymer of an a-olefin having the carbon
number of 3 to 20 and which has a weight average
molecular weight (Mw) of 400 to 20,000, Z represents a
H atom, an alkyl group, or an aralkyl group, X, repre-
sents an O atom or a S atom, and R, represents a single
bond or a group represented by the following formula

(2):

Ry—Xo—

(2)

wherein R, represents a divalent hydrocarbon group or a
polyoxyalkylene group and X, represents an O atom, a S
atom, or an NH group;
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(1)

7
R
|
O R;

wherein E represents a polymer residue, which 1s formed
from an ethylene homopolymer, a copolymer of ethyl-
ene and an o-olefin having the carbon number of 3 to 20,
or a homopolymer of an a-olefin having the carbon
number of 3 to 20 and which has a weight average
molecular weight (Mw) of 400 to 20,000, Z represents a
H atom, an alkyl group, or an aralkyl group, and R, and
R, represent independently a single bond or a group

represented by the above formula (2).
2. The polylactic acid based resin (A) according to claim 1,

comprising a moiety represented by the formula (1) or (1')
described 1n claim 1 and a weight average molecular weight
(Mw) of 5,000 to 1,000,000, wherein a moiety other than the
moiety represented by the formula (1) or (1') 1s formed
through repetition of a lactic acid unit (where 1n the formula
(1), E represents a polymer residue, which 1s formed from an
cthylene homopolymer or a copolymer of ethylene and an
a.-olefin having the carbon number of 3 to 10 and which has
a weight average molecular weight (Mw) o1 400 to 20,000, Z
represents a H atom,

X, represents an O atom, and R, represents a single bond or an
oxyalkylene group having the carbon number of 1 to 6, and
in the formula (1'), E represents a polymer residue, which 1s
formed from an ethylene homopolymer or a copolymer of
cthylene and an a-olefin having the carbon number of 3 to 10
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and which has a weight average molecular weight (Mw) of
400to 20,000, Z represents a H atom, and R, and R ; represent
a single bond or an oxyalkylene group having the carbon
number of 1 to 6).

3. A polylactic acid based resin composition comprising S
to 95 percent by weight of polylactic acid based resin (A)
according to claim 1.

4. A polylactic acid based resin composition comprising S
to 95 parts by weight of polylactic acid based resin (A)
according to claim 1 and 935 to 5 parts by weight of polylactic
acid based resin (B) other than the polylactic acid based resin
(A) (where a total of the polylactic acid based resins (A) and
(B) 1s assumed to be 100 parts by weight).

5. The polylactic acid based resin composition according to
claim 4, wherein the polylactic acid based resin (B) 1s a
polylactic acid.

6. The polylactic acid based resin composition according to
claim 4, wherein the polylactic acid based resin (B ) comprises
a moiety represented by the following general formula (3):

X3—Rs—Xy (3)

wherein X, and X, represent independently an O atom, a S
atom, or an NH group, R represents a divalent hydrocarbon
group containing at least one aromatic ring or aliphatic ring,
and the hydrocarbon group may contain an O atom, a N atom,
or a S atom, and the weight average molecular weight (Mw)
of the polylactic acid based resin (B) 1s within the range of
5,000 to 1,000,000.

7. The polylactic acid based resin composition according to
claim 4, wherein the polylactic acid based resin (B) comprises
a moiety represented by the following general formula (4):

Re—X, (4)

wherein X, and X, represent independently an O atom, a S
atom, or an NH group, R, represents a divalent aliphatic
hydrocarbon group containing no ring structure and having a
weilght average molecular weight (Mw) of 25 to 50,000, and
the hydrocarbon group may contain an O atom, a N atom, or
a S atom,

and the weight average molecular weight (Mw) of the poly-
lactic acid based resin (B) 1s within the range of 5,000 to
1,000,000.

8. The polylactic acid based resin composition according to
claim 4, wherein the polylactic acid based resin (B) comprises
a moiety which 1s formed from a repetition unit represented
by the following general formula (5):

X3

(9)

wherein R, and R, represent independently a linear or
branched alkyl group having the carbon number of 1 to 5 or an
aryl group having the carbon number of 6 to 10 and may be the
same or different,

and which has a weight average molecular weight (Mw)
within the range of 100 to 10,000, and the weight average
molecular weight (Mw) of the polylactic acid based resin (B)
1s within the range of 5,000 to 1,000,000.

9. A polylactic acid based resin composition wherein 0.1 to
10 parts by weight of at least one type of transparent nucleator
(C) selected from carboxylic acid amides, aliphatic alcohols,
and aliphatic carboxylic acid esters 1s further contained
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relative to 100 parts by weight of polylactic acid based
resin (A) according to claim 1.

10. The polylactic acid based resin composition according
to claim 4, wherein 0.1 to 10 parts by weight of at least one
type of transparent nucleator (C) selected from carboxylic
acid amides, aliphatic alcohols, and aliphatic carboxylic acid
esters 1s further contained

relative to 100 parts by weight of polylactic acid based

resins (A) and (B) 1n total.

11. The polylactic acid based resin composition according
to claim 9, wherein the transparent nucleator (C) 1s at least one
type of carboxylic acid amide selected from the group con-
s1sting of lauric acid amide, palmitic acid amide, stearic acid
amide, erucic acid amide, behenic acid amide, ricinoleic acid
amide, hydroxystearic acid amide, N-oleylpalmitic acid
amide, N-stearylerucic acid amide, ethylenebiscapric acid
amide, ethylenebislauric acid amide, ethylenebisstearic acid
amide, ethylenebisoleic acid amide, ethylenebis-1,2-hydrox-
ystearic acid amide, hexamethylenebiscapric acid amide,
hexamethylenebislauric acid amide, hexamethylenebi-
sstearic acid amide, hexamethylenebisoleic acid amide, hex-
amethylenebis-1,2-hydroxystearic acid amide, m-xylyle-
nebiscapric acid amide, m-xylylenebislauric acid amide,
m-xylylenebisstearic acid amide, m-xylylenebisoleic acid
amide, and m-xylylenebis-1,2-hydroxystearic acid amide.

12. The polylactic acid based resin composition according
to claam 10, wherein the transparent nucleator (C) 1s at least
one type of carboxylic acid amide selected from the group
consisting of lauric acid amide, palmitic acid amide, stearic
acld amide, erucic acid amide, behenic acid amide, ricinoleic
acid amide, hydroxystearic acid amide, N-oleylpalmitic acid
amide, N-stearylerucic acid amide, ethylenebiscapric acid
amide, ethylenebislauric acid amide, ethylenebisstearic acid
amide, ethylenebisoleic acid amide, ethylenebis-1,2-hydrox-
ystearic acid amide, hexamethylenebiscapric acid amide,
hexamethylenebislauric acid amide, hexamethylenebi-
sstearic acid amide, hexamethylenebisoleic acid amide, hex-
amethylenebis-1,2-hydroxystearic acid amide, m-xylyle-
nebiscapric acid amide, m-xylylenebislauric acid amide,
m-xylylenebisstearic acid amide, m-xylylenebisoleic acid
amide, and m-xylylenebis-1,2-hydroxystearic acid amide.

13. A molded body comprising the polylactic acid based
resin (A) according to claim 1 and having a haze of 0.1% to
15% at a thickness of 100 um and a crystallinity of 35% or
more after anneal (heat treatment) at 105° C. for 60 seconds.

14. A molded body comprising the polylactic acid based
resin composition according to claim 3 and having a haze of
0.1% to 15% at a thickness of 100 um and a crystallinity of
35% or more after anneal (heat treatment) at 105° C. for 60
seconds.

15. A molded body comprising the polylactic acid based
resin composition according to claim 4 and having a haze of
0.1% to 15% at a thickness of 100 um and a crystallinity of
35% or more after anneal (heat treatment) at 105° C. for 60
seconds.

16. A molded body comprising the polylactic acid based
resin composition according to claim 9 and having a haze of
0.1% to 15% at a thickness of 100 um and a crystallinity of
35% or more after anneal (heat treatment) at 105° C. for 60
seconds.

17. A molded body comprising the polylactic acid based
resin composition according to claim 10 and having a haze of
0.1% to 15% at a thickness of 100 um and a crystallinity of
35% or more after anneal (heat treatment) at 105° C. for 60
seconds.

18. A method for producing the polylactic acid based resin
(A) according to claim 1, the method comprising the step of
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copolymerizing a polymer represented by formula (I) or
(II) and

lactide and/or lactic acid, wherein formula (I) 1s repre-
sented by the structure:

(D

wherein E represents a polymer residue, which 1s formed
from an ethylene homopolymer, a copolymer of ethylene and
an a-olefin having the carbon number of 3 to 20, or a
homopolymer of an a.-olefin having the carbon number of 3 to
20 and which has a weight average molecular weight (Mw) of
400 to 20,000, Z represents a H atom, an alkyl group, or an
aralkyl group, X, represents an O atom or a S atom, and R
and R, , represent independently a H atom, a hydroxyalkyl
group having the carbon number of 1 to 10, or a hydroxypoly-
oxvyalkylene group having a weight average molecular weight
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(relative to standard polystyrene) of 200 to 6,000, and
wherein formula (II) 1s represented by the structure:

V4
E
T—RM
O
|

(1)

Rjs

Ri3

wherein E represents a polymer residue, which 1s formed
from an ethylene homopolymer, a copolymer of ethylene and
an a-olefin having the carbon number of 3 to 20, or a
homopolymer of an a.-olefin having the carbon number of 3 to
20 and which has a weight average molecular weight (Mw) of
400 to 20,000, Z represents a H atom, an alkyl group, or an
aralkyl group, and R, ; to R, represent independently a H
atom, a hydroxyalkyl group having the carbon number of 1 to
10, or a hydroxypolyoxyalkylene group having a weight aver-

age molecular weight (relative to standard polystyrene) of
200 to 6,000.
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